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PARACUARIA MACDONALDI n.g., n.sp. (FAMILY ACUARIIDAE, 
SUBFAMILY ACUARIINAE) FROM THE SEA 
GULL (LARUS ARGENTATUS)* 


Abstract 


Paracuaria macdonaldi n.g., n.sp. (family Acuariidae, subfamily Acuariinae) 
described from the sea gull, Larus argentatus. 


These parasites were found the gizzard sea gulls (Larus argentatus). 
Thirty-two males and females were collected. 


Paracuaria new genus 


Generic diagnosis: Acuariidae Acuariinae. Cordons very short shallow, 
groovelike structures limited the cephalic region, nonrecurrent and non- 
anastomosing. Cervical papillae trifid. lateral alae. 

Type species: Paracuaria macdonaldi, new species. 


Paracuaria macdonaldi 


Description Paracuaria: 

These are small cylindrical worms, the males being mm. long and 
0.08 0.1 mm. wide, and the females mm. long and 0.08 0.17 mm. 
wide. The head conical, wide, with two conical lips bluntly 
pointed the tips. The mouth opening dorsoventral slit, the tips the 
lips almost closing the mouth the center. There are the usual two cephalic 
papillae and pair amphids. characteristic feature this worm the 
presence four very short cordonlike structures, two each lateral surface 
the head. These appear fingerlike structures shallow grooves applied 
tightly the surface, passing posteriorly from the ends the mouth. Each 
20u long and broad. The vestibule 120 long and 
strongly sclerotic. The walls the cylindrical vestibule approach each other 
closely dorsoventrally but spread out laterally form funnel-shaped opening. 
The oesophagus 3.4 mm. long and divided into muscular and 
glandular portions, the latter being twice long the former. The nerve 


received original form December 16, 1949, and revised February 1951. 
Contribution from the Institute Parasitology, Macdonald College, McGill University, 
P.Q., Canada, with financial assistance from the National Research Council Canada. 
India Research Scholar. (Of the Mysore Serum Institute, Bangalore, 
[The April number this Journal (Can. Zoology, 79-165. 1951) was issued 
May 1951.] 
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ring about behind the beginning the oesophagus. The cervical 
papillae are prominent and trifid, situated about behind the nerve ring, 
and the excretory pore behind the cervical papillae. There are 


lateral alae 


Fic 
FIG 
FIG. 
FIG 


Fic. 


200 


Lateral view the anterior part the worm. 

Lateral view the head. 

Dorsal view the head. 

face view the head. 

Section the head about below the anterior extremity. 
Dorsal view the ovejector and related parts. 


Explanation the letters: 
Amphid. Cephalic Mouth. Posterior uterus. 
Intestine. Anterior uterus. Vulva. 


Male: The testis begins about 0.9 mm. posterior the vestibule and 


passes anteriorly point about behind the vestibule; then curves 
back and passes down the sperm duct the cloaca, about from the 
tail end. The alae are wide. There are four pairs preanal 
papillae and five pairs postanal pedunculated and two pairs sessile 
papillae. The spicules are unequal and dissimilar. The left one, 300 
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long and wide, tubular, and about its middle median wall grows 
make the tube double back; its tip, bifurcates, the ventral portion 
appearing spoonshaped and the dorsal, like two processes horns touching 
each other. The right spicule 110 long, wide the beginning 
and its middle, and bluntly pointed. gutter for the guidance 
the tip the long spicule for extending out the cloaca. 


Fic. Lateral view the male. 
Fic. Ventral view the male tail showing the postanal papillae. 


Female: The vulva slightly posterior the middle the body. The 
ovejector about long extending posteriorly from the vulva; from its 
hind end, the vagina divides into anterior and posterior The former 
passes far forward behind the vestibule, and the latter almost 
the posterior end the body. tail conical and the anus 0.2 to0.5 mm. 
from its tip. The embryonated eggs measure wide. 


The measurements four worms are shown the following table. 


MEASUREMENTS FOUR SPECIMENS Paracuaria macdonaldi 


Male Male Female Female 
Length 8.9 mm. 7.6 mm. 7.92 mm. 18.65 mm. 
Breadth 0.09 mm. 0.08 mm. 0.095 mm. 0.165 mm. 
Vestibule 0.16 mm. 0.13 mm. 0.15 mm. 0.18 mm. 


Oesophagus 
Muscular 0.9 mm. 0.7 mm. 0.7 mm. 1.14 mm. 
Glandular 1.77 mm. 1.7 1.45 mm. mm. 
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MEASUREMENTS FOUR SPECIMENS Paracuaria macdonaldi—Concluded 


Male Male Female Female 

Distance from anterior end 

Spicules 


Host: Larus argentatus 
Location: Gizzard 
Locality: Canada (Ste. Anne Bellevue, P.Q.) 


Type specimen: Institute Parasitology, Macdonald College, P.Q., 
Canada 


Discussion 


The following characters Paracuaria macdonaldi place the family 
Acuariidae: two large simple lateral lips pseudolabia; presence the 
cordons the anterior part the body; long cylindrical vestibule; oesophagus 
cylindrical and composed two distinct parts—an anterior, short, narrow, 
muscular part, and posterior, long, broad, glandular part; cervical papillae 
behind the nerve ring; absence interlabia; presence the caudal alae 
with four pedunculated preanal papillae; spicules unequal and dissimilar; 
vulva about the middle the body, with short muscular ovejector. 
Chitwood and Wehr (1) divided this family into three subfamilies with the 
following key: 


Cuticular cephalic ornamentations form elongated longitudinal bands 


Cuticular ornamentations not the form elongated longitudinal bands 
Denticulated collarette surrounding anterior end body base 
Denticulated collarette absent; cephalic extremity bearing prominent append- 
ages very diverse appearance, form hoodlike covering..... Schistorophinae 


Paracuaria macdonaldi belongs the subfamily Acuariinae account 
its longitudinal cordons and the absence the denticulated collarette hood- 


like covering over the cephalic extremity. 
Chitwood and Wehr (1) have included this subfamily the following genera 
and subgenera: 
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nat confined the head 
Cordons triangular, serrated inner margin, cuticle head inflated..... Aviculariella 
Cordons crescentic, not serrated inner margin, cuticle head not 

Cordons not recurrent and not 


cuticular crest ventral surface caudal end male, number term- 


inal papillae (probably spines) grouped form rosette caudal end 


Spicules thick and only slightly unequal; six eight pairs postanal Acuaria 


Spicules dissimilar and very unequal; five seven pairs postanal 


Cordons recurrent, anastomosing 
Cuticle raised front postcervical papillae form large collar sheath; 

cordons not anastomosing free border Chevreuxia 
Cuticle not raised front postcervical papillae form large collar 

sheath, cordons anastomosing surface Echinuria 
Cordons forming loop directly after their origin head, not flat against body 

but applied margin plates alae, lateral alae present.......... Cosmocephalus 
Cordons lacking loops anterior ends applied directly body; 
Deirids (cervical papillae) base cordons trifid Synhimantus 
Deirids base cordons, each consisting about posteriorly directed 


The cordons the species under consideration are limited the cephalic 
region and thus falls into the first group which contains Aviculariella and 
Rusguniella. both these genera the cordons anastomose. Anastomosis 
the cordons has been considered generic importance and, fact, the 
characteristics the cordons are the most important differential features 
for the separation the genera this subfamily. Hence new genus must 
created for this species. 

key for the genera whose cordons are limited the cephalic region 
this subfamily follows: 


Cordons triangular, serrated inner margin, cuticle head inflated..... Aviculariella 


Cordons crescentic, not serrated inner margin, cuticle head not 


q 
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COSMOCEPHALUS FIRLOTTEI SP. (FAMILY ACUARIIDAE) 
FROM THE SEA GULL (LARUS 


Abstract 


Cosmocephalus sp. (Family Acuariidae, subfamily Acuariinae) 
described from the sea gull, Larus argentatus. 


Cosmocephalus firlottei sp. nov. 


the oesophagus all group sea gulls (Larus argentatus) from 
the Ottawa River near Ste. Anne Bellevue, Que., nematode was found, 
the head which was usually embedded deeply the submucous layer. 
The nematode belongs the family Acuariidae Seurat, 1913, the subfamily 
Acuariinae Railliet, Henry, and Sisoff, 1912, and the genus Cosmocephalus 
Molin, 1858. 

The body long and cylindrical with dilated head. The cuticle longi- 
tudinally and transversely striated. The mouth has two lateral lips 
pseudolabia each bearing very prominent pair papillae and amphid. 
The male mm. long and 150 broad; the female mm. 
long and 200 400u broad. The cephalic region provided with four 
cordons with scalloped edges, which arise the anterior borders the lips 
curve upwards round lobelike swelling the cuticle, then downwards 
the dorsoventral surface for distance 450 then upwards again 
the lateral surface, anastomosing 105 below the tip the head. 
The cervical papillae are prominent, arise below the level 
the cordons and below the junction the vestibule with the oesophagus. 
Behind the cervical papillae arise the markedly striated lateral alae, which, 
the female extend mm. behind the vulva, and relatively farther back 
the male. The vestibule joins the oesophagus the level the cordons 
slightly posterior it. The oesophagus consists muscular and 
glandular part, the latter three times long the former. The nerve ring 
situated about the level the cervical papillae and the excretory pore 
well posterior it. 

The posterior end the male usually coiled. There are four pairs 
preanal and five pairs postanal pedunculated papillae and two pairs 
sessile papillae the end the tail. sheath the left spicule bulges 
the tip and the ventral portion appears sclerotized. The longer spicule 


received original form December 16, 1949, and revised, February 1951. 
Contribution from the Institute Parasitology, Macdonald College, McGill University, 
P.Q., with financial assistance from the National Research Council Canada. 
India Research Scholar. (Of the Mysore Serum Institute, Bangalore, 
ndia. 
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measures 480 and shaped like canal its beginning but gradually 
becomes tubular, and two-thirds its length, median wall grows and 
makes the tube double. the tip, the tube splits dorsally and ventrally. 


\ 

== 
SE 


100 


Fic. Lateral view the anterior part the worm. 
Fic. Dorsoventral view the anterior part the worm. 
Fic. face view the head. 


The ventral portion spoon-shaped and the dorsal portion like two horns 
close apposition. The right spicule from 140 long, and about 
broad the beginning gradually narrowing down blunt point. 

The vulva the female slightly anterior posterior the middle 
the body. The tail short and conical with prominent buttonlike structure 
the tip. the ventral surface the tip there are two small papillae. 


Discussion 


The following eight species have been ascribed the genus Cosmocephalus: 
diesingi (Molin, 1858), Cram, 1927 (1) 


This species differs from the one under discussion that the cordons are 
not scalloped and the head has four oval plates alae attached it. 


a 
& 
| [= = 
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Fic. view the male tail. A.—Bulging the spicular sheath with its 
ventral border sclerotic. B.—Left spicule. C.—Right spicule. 


Fic. Ventral view the tip the male tail showing the sessile papillae. 
Fic. Ventral view the tip the female tail. 
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obvelatus (Creplin, 1825), Seurat, 1919 (1) 

The vestibule ends the level the cervical papillae. Cram’s figure (1) 
shows the cervical papillae slightly anterior the nerve ring. 
the vestibule ends anteriorly the cervical papillae which are situated 
the level the nerve ring. worms fixed extended condition 
hot alcohol this character was constant but contracted specimens the 
relationship between the cervical papillae and the ending the vestibule 
may alter. The eggs obvelatus are whereas the present 


aduncus (Creplin, 1846) Yorke and Maplestone, 1926 (1) 

This species differs from that the cordons are short length, 
being only 1.5 times the width the body the level the cordons. 
caudal sessile papillae have been described. The spicules are also longer 
being 180 and respectively. 


asturis Yorke and Maplestone, 1926 

suggested Khalil (3) this species should transferred Synhimantus 
the cordons near their origin not form loop (judging from the figure 
given Yorke and Maplestone (6) and lateral alae have not been described. 


imperialis Morishita, 1930 (4) 

This species resembles closely but there difference the 
shape the left spicule which according Morishita ‘‘long and slender 
with dilated root and pointed the long spicule not 
pointed and the obvious bulging the spicular sheath, with its ventral 
border sclerotic, not described for imperialis. The hosts also differ. 


faridi Khalil, 1931 (3) 

this species the cordons are not scalloped nor have sessile caudal papillae 
been described. Khalil describes the oesophagus long but the measurements 
given him are male 7.6 mm. long, and 680y female 5.7 mm. 
This means that the oesophagus only one-eighth the body length 
whereas from one-quarter one-third the body length. 
The writer believes that measurements are incorrect. 


capellae Yamaguti, 1935 (5) 

The spicules this species are shorter than those firlottei, the left 
being compared with 450 and the right one, 


jaenschi Johnston and Mawson, 1941 (2) 

This species described from only two male specimens. Sessile caudal 
papillae are not present and the authors use this factor differentiate 
from capellae. The cervical papillae are trifid. the cervical 
papillae are bifid and the caudal sessile papillae are plainly visible. 


| 
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Because the differences existing between the species under consideration 
and other existing species, regarded new species and named 
after colleague, Mr. William Firlotte. 


key the members the genus Cosmocephalus follows: 


Four oval plates alae present the 
Length the cordons less than twice the width the body below the 
cordons and cephalic papillae not aduncus 
Length the cordons more than twice the width the body below the 
cordons and cephalic papillae 
Vestibule long, extending the level the cervical papillae............. obvelatus 
Vestibule shorter, ending about the level the cordons and well anterior 
With only nine pairs caudal papillae (that is, sessile papillae absent), long 
spicule more than four times the length the small one............... jaenschi 
With more than nine pairs caudal papillae and the long spicule less than 
four times the length the small 
Long spicule length and only three times the length the small 
Long spicule more than length and usually more than three times 
Long spicule bifid the tip and the ventral part the spicular sheath 
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DISPERSAL AND FLIGHT RANGE SUBARCTIC MOSQUITOES 
MARKED WITH 


Abstract 


The dispersal and flight range the mosquito Aedes communis, species 
characteristic the northern coniferous forest, were studied timberline 
Churchill, Man., during the summer 1950. Four larvae were collected 
and reared wooden tanks containing 0.05 per larva. About 
3,000,000 adults with average radioactivity 775 c.p.m. emerged and 
dispersed the Warkworth area. One hundred and forty-one radioactive 
mosquitoes were recovered, which had dispersed from 150 ft. 5000 ft., 
the average dispersal being 500 ft. The effective dispersal was determined 
about 0.25 miles, This study indicates that communis relatively 
sedentary mosquito and has limited flight range the northern coniferous 
forest comparison with arctic tundra species. This mosquito rests vegeta- 
tion and does not attack human beings during the daytime. Additional data 
are presented the habits this and other northern species mosquitoes. 


Introduction 


With the constantly increasing human activity northern regions, the 
study arctic and subarctic species biting insects has assumed great 
importance. Control the enormous numbers mosquitoes that occur 
most arctic and subarctic areas difficult even with large-scale air spraying. 
The results such operations recent years show that after the mosquitoes 
area are killed spraying, reinfestation from the surrounding territory 
may occur rapidly Accurate knowledge the flight range and dispersal 
patterns the important types biting flies needed order increase 
the effectiveness control measures. 


Mosquito dispersal has been studied various methods (12), but the use 
radioactive markers (2, the only one that permits easy marking and 
rapid examination the very large numbers insects that must handled 
the north. field test the radioactive marking method under arctic 
conditions Great Whale River, Que., (8) showed that this method could 
used for large-scale field experiments. 


The region near Churchill, Man., was selected for more extensive field 
study the summer 1950, because its accessibility and transportation, 
laboratory, and other available facilities. Churchill located the timber- 
line, and the enormous mosquito populations include both tundra and conifer 
forest species communis (DeG.) was selected for study, since 
one the most abundant and widespread pest mosquitoes the northern 
coniferous forest. occurs from Alaska Labrador and Nova Scotia 


Manuscript received December 1950. 

Medical Division, Army Chemical Corps, Army Chemical Center, Maryland, U.S.A. 

The authors were collaborators the program for Biology and Control Biting Flies 
Northern Canada the Division Entomology, Science Service, Department Agriculture, 
Ottawa, Canada. This work was sponsored part the Canadian Defence Research Board 
and part the Biological Department, Chemical Corps, Camp Detrick, Frederick, Md. 
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well northern Eurasia. This species occurs countless numbers the 
spruce forest Warkworth Creek, about ten miles south Churchill. The 
sparse forest composed white spruce, Picea glauca (Moench) Voss; black 
spruce, Picea mariana (Mill.) B.S.P.; tamarack, Larix laricina (DuRoi) 
Koch; with undergrowth willows, Salix spp., dwarf birch, Betula 
glandulosa Michx., and other shrubs and heaths characteristic the transition 
zone the northern coniferous forest. The release site was situated 
relatively dense part the thin forest where the largest spruce trees average 
about eight meters height. The entire area interspersed with pools, 
rivers, and network streams and oxbow lakes shown Figs. and 


Fic. release site center (X), collection site (O), and recovery sites (@). 
Each square represents square mile. 


This area permitted collection for considerable distance any direction 
and was situated far enough away from any populated places avoid hazards 
from release radioactive material. 
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Data the weather for the period the test were obtained from station 
the forest near the release site and from station open marsh about one 
mile north. Complete meteorological data were also available from Fort 
Churchill. 


Methods and Results 


The forest pools the Warkworth area contain quantities decaying 
organic material and vegetation that would take radiophosphorus 
absorption and adsorption. This loss was prevented the construction 
four shallow wooden rearing tanks long, wide, and cm. deep, 
shown Fig. The tanks were coated the inside with paraffin and 
parafilm prevent leakage. the previous arctic field test (8), rock pools 
containing little organic material were used for treating the larvae with 
but these were not available for the present test. 


Collection Larvae 


Mosquito larvae were collected dip nets from the forest pools shown 
Fig. They were carried buckets the release site and put into the 
rearing tanks. Third- and fourth-instar larvae were collected from June 
while they were maturing. Sampling showed that approximately four 
million active larvae were the tanks. Many more had been collected but 
mortality was high, perhaps because they remained too long galvanized 
buckets during transport. The rearing tanks contained 300 liters each, 
that the population density was about 3.3 larvae per which was about the 
maximum number that could reared without overcrowding the larvae, 
which were fed finely ground dog food. About 90% represented Aedes 
communis and about pionips Dyar. The remaining included 
excrucians hexodontus Dyar,* and punctor (Kirby). 
number insect predators were unavoidably introduced into the rearing 
tanks. 


The release site was roped off and marked with ‘‘Danger: and 
Bomb”’ signs (Fig. keep out persons not working the 
project. Radiophosphorus was supplied from Chalk River, Ont., the form 
activity the the date shipment was 300 mc. 
(millicuries) and the time the first use the field was 257.2 mc. The 
phosphate was dissolved and divided into four equal parts, and one part was 
added (Fig. each tank soon the larvae reached the late fourth 
instar. There was considerable variation development, since the rearing 
tanks were filled with larvae sequence. The first tank was treated 
June 16. The weather was unseasonably cold and cloudy that larval 
development was retarded and the experiments were delayed. second 
and third tanks were treated June and the fourth June this 


tundra species closely related punctor (11), under which name this species has been 
referred previously publications dealing with investigations this region. 


Fic. 


SBADIATION 


Air view showing release site Warkworth Creek area. 
Release site spruce forest showing warning signs. 
Rearing tanks for treating mosquito larvae with P®. 
Seining larvae from natural pools. 

Field laboratory for handling radioisotopes. 
Treating mosquito larvae with radiophosphorus. 


PLATE 


PLATE 


Fic. larvae and radioactive solution for assay. 

Fic. radioactive adults from pupae surface rearing tank. 

Fic. radiation rearing tank with survey meter. 

Fic. adult mosquitoes. 

Fic. survey meter detect radioactive mosquitoes collection. 

Fic. mosquitoes accumulated during experiment (newspaper indicates scale). 
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date the total amount that had been put with the larvae was 206.3 
0.166 (microcuries) per ml. (0.05 per larva). The radiation 
from each rearing tank (Fig. 10) was mr. (milliroentgens) per hr. cm. 
ft.) above the water surface. The rearing pools received more solar heat 
and were warmer than the nearby natural pools, which were 
underlain permafrost ice and were often shaded. The radioactive adults 
therefore emerged from the rearing tanks earlier than adults communis 
from natural pools. The rearing tank temperatures from June July 
varied from 25.5° (32° 78° F.), with average 17° (62.5° F.). 
The average minimum was (41.5° F.) and the average maximum 
F.). 

June samples were taken from each pool. Measurement the 
radiation gave the following: 


Water 7250 c.p.m. per 
Suspended solids 1920 c.p.m. por ml. 
Larvae 1200 c.p.m. each 
Pupae 500 c.p.m. each 


All data radiation this paper are minus back- 
ground which the Churchill region averaged 
c.p.m. (counts per minute). 


Two adults that emerged from these pupae two days later had activities 100 
each. July nine adults were collected from the four tanks during 
emergence and measured. They showed activities ranging from 100 3770 
c.p.m. with average The average activity males was 620 
c.p.m. and females, 1150 c.p.m. 


Radiation was measured the field mr. per hr. with two Beckman MX-5 
survey meters calibrated c.p.m. against beta source. More 
exact counts were made the laboratory with two Marconi meters calibrated 
The latter were furnished the National Research Council 
Canada. 


was estimated that somewhat over 3,000,000 radioactive adult mosquitoes 
emerged and dispersed from the rearing tanks. The original 4,000,000 larvae 
were reduced numbers the various insect predators that had been 
introduced into the rearing pools with the mosquito larvae. These included 
chaoborine larvae, dytiscid larvae and adults, caddis fly larvae, and other 
predators. Two tree sparrows were observed eating mosquito larvae from 
the rearing tanks and when killed showed external radiation 20,000 
c.p.m. Some the mosquitoes did not complete emergence from 
the pupal skins, perhaps because the very crowded water surface the 
rearing tanks, shown these factors, plus the parasitization 
many larvae mermithid worm, reduced the original 4,000,000 popu- 
lation estimated 25%. 
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Collection Adults 

were collected from July Aug. 15, which time few adults 
communis were being taken. Collections were made sweeping 
through swarms mosquites around the observers (Fig. resulted 
the capture large numbers female mosquitoes that were attracted 
blood meal, and occasional males that were disturbed from resting places 
the vegetation. Collections were made from swarms male mosquitoes 
the lee spruce trees and over the Hudson Bay Railroad bed. All but 
few the most distant collecting stations are shown These stations 
were visited intervals and collections were made for about one hour each 
station. Collections were made daily from the stations within one-half 
mile the release point during the first days which emergence adults 
occurred. The more remote stations were visited every two three days. 
recoveries radioactive mosquitoes showed movement from the center, 
the area collecting was increased. making collections, particularly near 
the release point, care was taken move toward the release site that radio- 
active mosquitoes would not follow carried out the collectors. The 
total area surveyed included stations five miles north and five miles south 
(not shown Fig. 1), two miles east, and one mile northwest. Travel 
foot through muskeg, swamps, and willow thickets was very difficult, that 
travel was limited. 

During the first days the survey was found that nearly all the 
biting mosquitoes collected during the day the forest areas represented 
Aedes nearcticus Dyar and hexodontus, and only few were communis. 
was found that the adult females communis rested vegetation 
during the day and early night, particularly the margins forest pools, 
and that they rarely bit even when disturbed. Attempts trap arctic 
mosquitoes means light traps and sugar solution baits have not been 
successful, and animal traps gave limited results and were not available 
quantity, that hand sweeping with insect nets was the only usable method 
the time. 

The mosquitoes collected about 300 man-hours weighed 3800 gm., which 
counted 400 mosquitoes per gram was computed about 1,520,000 
adults. About 80% this number were females. During the latter part 
July horseflies and black flies were also found the collections. The tabanids 
were removed and allowance was made for the presence black flies 
computing the numbers mosquitoes. 

Out the 3,000,000 radioactive mosquitoes released, 141, 0.0047%, were 
recovered. This one out 21,300 specimens. Out the calculated 
1,520,000 adult mosquitoes collected (Fig. 13), the radioactive recoveries 
made 0.01%, one out 10,700. During the first half July, radio- 
active adults were collected, which were males; and during the rest 
the survey 115 were collected, which 111 were females. This indicates that 
the males emerge first and that the average life males relatively short. 
Over 80% the total recoveries were females. 
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The radioactivity the recoveries averaged 915 c.p.m. per adult. The 
males averaged 745 c.p.m. during the first half July and 747 c.p.m. during 
the latter half. The females averaged 1026 c.p.m. from July and 
957 c.p.m. from July The total range radioactivity was c.p.m. 
11,000 c.p.m. The specimens collected late July and early August 
averaged about 400 c.p.m., that radioactive decay and elimination the 
did not affect the marking method sufficiently modify the results. The 
initial variation activity the marked adults was probably caused the 
age differences larvae that were put into the rearing tanks. Pupae absorb 
little none the phosphate; consequently larvae the point pupation 
when treated would absorb practically whereas younger ones would 
accumulate for longer time. 


Dispersal Aedes communis 

The dispersal mosquitoes started July when adults emerged 
numbers. July adults had traveled 600 ft. NE., 600 ft. SE., 300 ft. 
and SW. July adults were collected 1400 ft.S. and During July 
134 adults were recovered. The sites recoveries are shown Fig. 
Eighty adults were collected within 150 ft. the release site and the rest 
outside this area shown Table The greatest movements were 


TABLE 
NUMBERS RADIOACTIVE ADULT Aedes communis MOSQUITOES RECOVERED 


VARIOUS DISTANCES FROM THE RELEASE 
SITE NEAR CHURCHILL, 1950 


Distance from 
release site, Females Males Total 


0-150 
200 
300 
600 

1000 
1400 
2000 
2600 
5000 

115 141 


5000 ft. ESE., 2640 ft. S., 2000 ft. NE., and 1400 ft. N., E., and The 
total dispersal recovered mosquitoes beyond 150 ft. from the release site 
was 35,500 ft., average 565 ft. for each these adults. Nineteen 
males dispersed 150 ft. more, averaging 490 ft. The females that dispersed 
over 150 ft. averaged 575 ft. 


| 
| 
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Twenty-five out emigrated E.; and 10, W.; NE.; SE.; N.; 
SW.; and NW. The commonest direction dispersal does not 
agree with prevailing wind direction intensity, shown Fig. 14. 


Fic. Wind rose showing 
wind directions and compar- 
ative velocities during July. 


Observations Tundra Species 


Observations dispersal other species mosquitoes were made 
conjunction with the tagging studies communis. detailed survey 
larval breeding habitats was made forested area six square miles when 
larvae were being collected for radioactive marking. previously mentioned, 
communis composed 90% the larval populations. hexodontus, 
and nigripes (Zett.), which are typical tundra species, were not 
found this area except limited numbers small pools along the railroad. 
The larvae these species occurred large numbers one and two miles away, 
Open marsh and semitundra habitats. Throughout the spruce forest area 
the females these species occurred enormous numbers and were severe 
They also followed the observers for one-half mile more through 
the forest. almost certain that these species, particularly 
and hexodontus, emigrated least one mile into the forest from the nearest 
known important breeding habitats. The case for excrucians not 
clear since small numbers larvae this species occurred openings the 
forest and along the railroad, that the dispersal this species large 
numbers the forest not significant regard dispersal habits. 


Extensive mass migrations male swarms hexodontus were observed. 
These males form mating swarms over light-colored objects areas and orient 
into the wind. The light-colored gravel the railroad bed served 
excellent swarm marker, and countless numbers males swarmed along the 
line. The railroad runs north and south, and when the wind was from the 
east west the males formed stationary swarms directly over the bed not 
moving farther than the edge the gravel. However, when the wind was 
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from the north south the railroad bed formed continuous swarm marker 
and the males formed linear swarm several miles long that moved forward 
continuously from about 4.30 p.m. until slightly after dark. The speed 
migration was about five miles per hour and the nearly unbrokeh swarms were 
once followed for miles. favorable evenings the swarms males formed 
dark clouds over the railroad that visibility was limited. Such behavior 
may importance relation control operations. 

Twelve radioactive spiders, dolichopodid, and another undetermined 
predaceous fly which had fed radioactive mosquitoes were collected. This 
suggests the fate some the adults. About dragonflies and damselflies 
were collected the release site area. These were all nonradioactive, which 
emphasizes the night-flying habits communis. 


Discussion 


The dispersal and flight range arctic and subarctic mosquitoes not 
well understood present. the basis their known behavior appears 
that the tundra species have large dispersal range. Arctic mosquitoes have 
been observed coming boats one-half mile away from the shore and 
flying into populated forest areas one more miles away from their breed- 
ing sites. tundra Umiat, Alaska, Blanton al. (1) showed that 
mosquitoes infiltrated area sq. miles within hr. after the adults 
the area had been killed aerial spraying. The species involved were 
probably hexodontus, nearcticus, nigripes, punctor, cataphylla 
Dyar, and perhaps listed Knight open tundra 
would not surprising find that arctic species commonly travel many 
miles. found alpine and tundra habitats well the 
transition coniferous Kamloops, B.C., stained adults this 
species were found disperse three miles northwest (4). 

The dispersal and flight range mosquitoes characteristic the northern 
coniferous forest such communis, punctor, pionips, etc. are still 
controversial. trichurus (Dyar) said Dyar (3) have flight range 
about two miles, since the species appeared commonly station least 
two miles from its breeding places. This species found only the southern 
part the coniferous forest region. Meig., though widely dis- 
tributed, relatively weak flier and usually found only vegetation 
near its breeding place. Fairbanks, Alaska, Blanton (1) found that 
mosquitoes dispersed into lightly forested area 100 sq. miles which the 
larvae had been killed, within three days after they had emerged adjacent 
untreated areas. When the same area was sprayed control adults, infiltra- 
tion was sufficiently great require respraying about two weeks. These 
results indicate dispersal least five miles. Canada, Twinn al. (13) 
reported that larval and/or adult air spraying areas 2.0 17.1 sq. 
miles resulted high mortalities. Protection lasted one several weeks, 
until mosquites flew from surrounding untreated areas. number 
species widely distributed areas were involved these studies. Churchill 
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1947 square mile was sprayed and the heavy mosquito population was 
eliminated, but reinfestation occurred six eight days (5). The important 
species involved were probably hexodontus and nearcticus, the basis 
observations during the present study. 


Though the percentage recovery the present study low, probable 
that the specimens collected give valid indication the dispersal habits 
Aedes communis the Churchill area. From the data hand would 
appear that this species has effective dispersal, i.e., numbers sufficient 
constitute pest, somewhat over quarter mile and known 
maximum flight range about one mile. Apparently many the adults 
not emigrate from the breeding site since radioactive adults were collected 
within 150 ft. One-half these were recovered the latter part the 
six: week period. The direction dispersal was not definitely related 
wind direction but may have been affected somewhat topography. Only 
radioactive mosquito was found river. Nothing known about 
the effect high vs. low population densities about the effect dense vs. 
sparse forest promoting retarding dispersal. Another variable 
considered the presumed presence two races communis the 
Churchill area, reported Hocking al. the present study 
was noticed that the larger adults dispersed farther than the more numerous 
smaller ones. 


resolve some these problems, would interest release several 
times many marked adults and have more extensive and efficient collect- 
ing methods, such animal traps. northern regions marked mosquitoes 
are lost dilution the very large mosquito population, which estimated 
one several million adults per acre the Warkworth region. Though 
the radioactive marking method works efficiently when large numbers 
mosquitoes are used, nevertheless the enormous population insects the 
area limits the practicality any marking method. Marking northerr 
species mosquitoes for dispersal studies would appear more practical 
areas where the natural populations are not high. Use laboratory- 
reared mosquitoes, this possible, would perhaps help solve this problem. 


Another difficulty involved the study the dispersal and habits arctic 
and subarctic mosquitoes identification the females the dark-legged 
species. great importance able identify marked recoveries, 
but after the females have flown identification much more difficult. Fortu- 
nately recent studies Knight (10, 11) have helped solve these problems. 
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DISEASES AND PARASITES THE MUSKRAT 
(ONDATRA ZIBETHICA) BRITISH COLUMBIA! 


IoLA KNIGHT 


Abstract 


This investigation based upon the examination 205 muskrat carcasses 
taken various times between October 1944 and May 1947 and derived from 
different localities British Columbia. Seventy-four per cent these car- 
casses were parasitized species internal parasites. These included: 
trematodes, Echinostomum coalitum, Echinoparyphium contiguum, Quinque- 
serialis quinqueserialis, urbanensis, and proximus; 
cestodes, Hymenolepis evaginata and Hymenolepis octocoronata; nematodes, 
Capillaria ransomia, Trichuris opaca, and Hepaticola hepatica and species 
Acanthocephala, related the genus Polymorphus (Family Corynosomidae). 
Two larval cestodes were found infecting the liver; the strobilocercus, Cysticercus 
fasciolaris (Taenia taeniaformis) and proliferating cysticercus, Cladotaenia sp. 
Pathological lesions the muskrats resulted from two different pulmonary 
infections, infections wounds, and type tumor. was found that: the 
muskrats this province were not extensively parasitized; hence mortality due 
excess parasitism probably negligible. This paper includes review the 
parasites the muskrat that have been recorded other workers. 


Introduction 


preliminary study the diseases and parasites muskrats was completed 
during the winter 1944 Burnaby Lake Game Reserve (Vancouver, B.C.).* 
The results this survey suggested the value the more extensive survey 
reported herein. 


The information collected this investigation based the examination 
205 muskrat carcasses obtained from trappers and game wardens between 
October 1944 and October 1947 from several locations throughout British 
Columbia. The majority the muskrats was collected during the legal 
trapping season. However, the following specimens were collected outside 
the legal trapping season: October, 1944; A34 A41, summer 
1945; A81, October 1947; B9, November 1946; B10, October 1947, and 
E33, May 1947. The trapping season the Lower Mainland A-area and 
throughout B-area from Dec. Feb. 28, while the remainder the 
province from Mar. May 15. 


Presentation this information the diseases and parasites the muskrat 
British Columbia will assist bridging the gap between this province and 
the remainder the continent regarding knowledge this important fur 
bearer. 


Manuscript received original form June 1949, and revised, February 12, 1951. 
Submitted thesis the Department Zoology, University British Columbia, 
Vancouver, B.C., partial fulfilment for the degree Master Arts, October 1947, Iola 
Musfeldt. 


Submitted Part thesis the Department Zoology, University British Columbia, 
partial fulfilment for the degree Bachelor Arts, May 1945. 
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Historical Review 


Many investigations the diseases and parasites the muskrat have been 
completed eastern Canada and United States, well Europe, where the 
muskrat has been introduced, but similar study has been undertaken 
previously western Canada. 

Early literature parasites includes report Linton (4) 1884, who 
noted that the muskrat was host larval cestodes. 1888, Leidy (4) 
mentioned finding the small intestine two species trematodes which 
identified Echinostomum echinatum Zedar and Amphistomum subtriquetrum 
Reed. The latter species was later renamed Barker Wardius zibethicus. 
Ransom, undated report from the Bureau Animal Industry recorded 
unidentified filaria. Another early report was that Stiles and Hassall (4) 
1894, who identified larval cestodes from the muskrat Pennsylvania. 


Publications dealing with diseases the muskrat are limited the papers 
Warwick (53) England and Smith (45) and Dozier (15) Maryland; 
special report diseases muskrats lowa Errington (16) and 
Wisconsin McDermid (27); well few scattered references the 
papers Brown (8), Rausch (41), Rush (43), and Shillinger (44). Woodhead 
(55) reviews coccidiosis farmed muskrat. 

Table presents summary the reported parasites, their infection, 
location has been noted that although the species 
muskrat varies range throughout North America, the different species 
parasites have remained the same. England where the muskrat has been 
introduced, has also introduced its parasites and has yet acquired 


new ones. 
TABLE 


PARASITE RECORDS FOR THE MUSKRAT (Ondatra REPORTED THE LITERATURE 1948 


Class Parasite Ares Author 
host recorded 


Ectoparasites 


External body Acarina Myobia zibethicalis — Radford (39) 
Tetragonyssus spiniger* Maryland Smith (45) 
Louisiana Penn (33) 
Ichoronyssus spiniger Maryland Smith (45) 
Listrophorus Radford (40) 
Listrophorus validus** Radford (39) 
Listrophorus americanus _ Smith (45) 
Insecta Sarcophaga sp. Louisiana Penn (33) 


Laelaps multispinosus (Banks 1909) 
Dermacerus validus 
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TABLE I—Continued 


PARASITE RECORDS FOR THE MUSKRAT (Ondatra sP.) REPORTED THE LITERATURE 1948 
—Continued 


Location Area 
Class Parasite Author 


Endoparasiles 
Small intestine Trematoda Alaria mustelae Eastern Allen (1) 
Canada 
* a Ontario Law and Kennedy (24) 
Allassogonoporous marginalis Michigan Olivier (31) 
Echinochasmus Texas Chandler (10) 
Louisiana Byrd and Reiber (9) 
Ontario Law and Kennedy (24) 
Echinoparyphium contiguum Nebraska Barker (4) 
Ontario Law and Kennedy (24) 
Echinostomum armigerum Eastern Allen (1) 
Canada 
Nebraska Barker (5) 
Ontario Law and Kennedy (24) 
Maryland Krull (Beaver (7) ) 
Echinostomum callawayensis Eastern Allen (1) 
Canada 
Nebraska Barker (5) 
Ohio Rausch (41) 
Echinostomum revolutum Pennsylvania Leidy (Barker (4) 
Quebec Beaver (7) 
Alberta 
Pennsylvania 
Illinois 
Colorado 
Ontario Law and Kennedy (24) 
“ “ Illinois Leigh (25) 
Oregon Rider and Macy (42) 
Echinostomum sp. Alberta Swales (47) 
Nudacotyle novicia Michigan Amee!l (3) 
Texas Chandler (10) 
Ontario Law and Kennedy (24) 
Louisiana Penn (33) 
Phagicola langiniformis Texas Chandler (10) 
Phagicola nana Louisiana Byrd and Reiber (9) 
Plagiorchis proximus Eastern Allen (1) 
Canada 
Michigan Ameel (3) 
Nebraska Barker (5) 
Ontario Law and Kennedy (24) 
Ohio Rausch (41) 
Pseudodiscus sibethicus Michigan Ameel (3) 
Urotrema shillingeri*** Maryland Penner (37) 
Cestoda Anomotaenia telescopica Nebraska Barker (4) 
Hymenolepis evaginata Eastern Allen (1) 
Canada 
Michigan Ameel (3) 
Nebraska Barker (4) 
Great Britain | Baylis (6) 
Ontario Law and Kennedy (24) 
Louisiana Penn (33) 
Ohio Rausch (41) 
Alberta Swales (47) 


3 
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TABLE I—Continued 


PARASITE RECORDS FOR THE MUSKRAT (Ondaira REPORTED THE LITERATURE 1948 


—Continued 
Endoparasites (cont'd.) 
Small intestine Cestoda Hymenolepis ondatrae Oregon Rider and Macy (42) 
(cont’d.) (concl'd.) Taenia crassicollis Maryland Smith (45) 
Nematoda Capillaria ransomia Eastern Allen (1) 
Canada 
Michigan Ameel (3) 
Nebraska Barker (4) 
ad * Ohio Rausch (41) 
Longistriata adunca Louisiana Penn (33) 
Longistriata Texas Chandler (10) 
Nematospiroides Washington, Dikmans (13) 
longispiculatus D.C. 
New Jersey Dikmans (13) 
Reticularia ondatrae Texas Chandler (10) 
Strongyloides ratti (var. Texas Chandler (10) 
ondatrae) 
Trichostrongylus fiberius Eastern Allen (1) 
Canada 
Trichuris opaca Eastern Allen (1) 
Canada 
Michigan Ameel (3) 
Ohio Rausch (41) 
Small intestine Protozoa Eimeria steidae Eastern Allen (1) 
and caecum Canada 
Giardia ondatrae Louisiana Penn (33) 
Trichomonas sp. Louisiana Penn (33) 
Trematoda Catatropis filamentist Eastern Allen (1) 
Canada 
Michigan Ameel (3) 
Nebraska Barker (4) 
Ontario Law and Kennedy (24) 
Illinois Leigh (25) 
Hemistomum cratorum Eastern Allen (1) 
Canada 
Nebraska Barker (4) 
Ontario Law and Kennedy (24) 
Notocotylus urbanensis Maryland Cort (11) 
Oregon Rider and Macy (42) 
Quinqueserialis quinqueserialist{| Eastern Allen (1) 
Canada 
Michigan Ameel (3) 
Nebraska Barker (4) 
Great Britain Baylis (6) 
Michigan and | Herber (20) 
Pennsylvania 
Ontario Law and Kennedy (24) 
Ohio Rausch (41) 
\ Washington Metcalf, 1915 coll. 
Quinqueserialis Hindiu Naviformia Kossackia Barkeria 
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TABLE I—Continued 


PARASITE RECORDS FOR THE MUSKRAT SP.) REPORTED THE LITERATURE 1948 


—Continued 
Class Parasite Author 
host recorded 
Endoparasites (cont'd.) 
Small intestine Trematoda Eastern Allen (1) 
and caecum (concl’d.) Canada 
Nebraska Barker (4) 
Ontario Law and Kennedy (24) 
Ohio Rausch (41) 
Great Britain | Warwick (53) 
Nematoda Trichostrongylus fiberius Nebraska Barker (4) 
Oregon Rider and Macy (42) 
Colon Trematoda Paramonostomum echinum Colorado Harrah (18) 
Paramonostomum pseudo- Texas Chandler (10) 
valeatum{tt 
Louisiana Penn (33) 
Stomach Protozoa Coccidia Eastern Shillinger (44) 
Cestoda Schizotaenia variabilis Minnesota Olsen (32) 
Schizolaenia americana Minnesota Olsen (32) 
Nematoda Physaloptera sp. Louisiana Penn (33) 
= Eastern U.S.A.| Shillinger (44) 
Liver Trematoda Fasciola hepatica Great Britain | Warwick (53) 
Opistorchis tonkae Minnesota Wallace and Penner (51) 
and 
Michigan 
Psilostomum ondatrae Eastern Allen (1) 
Canada 
Ontario Law and Kennedy (24) 
Schistosomatium douthitti Michigan Ameel (3) 
Minnesota Penner (36) 
Cestoda Larva Cladotaenia sp. Michigan (3) 
6 ad Minnesota Penner (35) 
Cysticercus fasciolaris Eastern Allen (1) 
(Larva of Taenia taeniaformis) Canada 
Great Britain Baylis (6) 
Ontario Law and Kennedy (24) 
Ohio Rausch (41) 
Oregon Rider and Macy (42) 
Maryland Smith (45) 
as al Pennsylvania | Linton (Barker (4) ) 
Cysticercus tenuicollis Great Britain | Baylis (6) 
(Larva of Taenia tenuicollis) 
Ontario Skinner 
Nematoda Capillaria hepatica Eastern Allen (1) 
Canada 
Michigan Ameel (3) 
sa od Great Britain | Baylis (6) 
Hepaticola hepatica Ontario Law and Kennedy (24) 
Great Britain Warwick (53) 
Gall duct and Trematoda Monostomum Pennsylvania Leidy (Barker (4) 
bladder 
Omentum Cestoda Cysticercus fasciolaris Michigan Ameel (3) 
Pennsylvania | Linton (Barker (4) ) 
Wardius zibethicus, Barker Amphistomum subtriquetrum, Leidy Clador- 


chis subtriquetrus Warwick (1936) 
Neoparamonostomum 
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TABLE I—Concluded 


PARASITE RECORDS FOR THE MUSKRAT (Ondatra SP.) REPORTED THE LITERATURE 1948 


—Concluded 
Location Area 
Class Parasite Author 
Endoparasites 
Spleen Trematoda Schistosomatium Michigan (3) 
Minnesota Penner (36) 
Blood Trematoda Michigan and Penner (36) 
Minnesota 
Nematoda Dirofilaria sp. Maryland Smith (45) 
Litomosoides carinii Texas Chandler (10) 
(microfilaria adults) 
Lung Trematoda Paragonimus sp. Minnesota Ameel (3) 
Great Britain Warwick (53) 
Not known Arachnida Porocephalus crotali Louisiana Penn and Martin (34) 


(nymphs) 


will noted too, that some these parasites have extensive distri- 
bution. These include quinqueserialis, Capillaria ransomia, 
Hymenolepis evaginata, and Cysticercus fasciolaris which occur throughout 
North America well Great Britain. Also, the geographical distribu- 
tion the reported parasites unique that the species trematodes tend 
more numerous the northern areas, while species nematodes seem 
more numerous the southern ranges this host. 

The muskrat has also been found infected certain accidental parasites. 
England, Fasciola hepatica was found Warwick (53), while North 
America, Schizotaenia sp., parasite the porcupine, was found Olsen (32). 


Methods Study 


For the purpose this investigation, the province was artificially divided 
into geographical areas, shown Fig. These areas are follows: 

A-area consists that territory bounded the coastline the mainland 
the west 121° longitude the east. The south north limits are 
49° 51° latitude. 

B-area includes Vancouver Island and all other islands lying west the 
coast A-area, with the exception the Fraser River delta islands. 

C-area defined that territory lying north from 51° 54° latitude 
and from the coast 119° longitude the east. 

D-area lies the southeastern part the bounded the 
Alberta British Columbia border and the United States International 
Boundary. The western limit 119° the northern part and 118° 30’ 
the south. These limits were chosen order include the Columbia 
River valley. 
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BRITISH COLUMBIA 


DISTRIBUTION MAP 
MUSKRAT 


AND 
KEY AREAS 
REFERRED 
TEXT 


Fic. British Columbia. Distribution map muskrat and key areas referred 
text. 


E-area that territory situated between and Its north-south 
limits are 51° and 49° latitude, while its east-west limits are 118° 30’ 
and 121°. 

F-area includes northern British Columbia lying from 54° latitude 
the Yukon border and from Alaska Alberta boundaries. 

G-area designated the Queen Charlotte Islands. 


Information the distribution, trapping returns, and obvious maladies 
was obtained questionnaires from trappers and game wardens. They 
were requested also send freshly skinned carcasses muskrats during trap- 
ping season the laboratory for examination. Formalin was sent them 
with directions for preserving carcasses which could not sent the labor- 
atory fresh condition. 
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When carcass was received, was catalogued according trap line loca- 
tion and the routine examination for diseases and parasites was performed. 
The internal organs were examined. The digestive tract was then removed 
from the animal, labelled, and preserved formalin. 

For the study internal parasites, the entire digestive tract was divided 
into the regions stomach, upper small intestine, lower small intestine, 
caecum, and colon. The small intestine was divided half, that portion 
attached the stomach was designated ‘upper small intestine’, while the 
‘lower small intestine’ was that part attached the caecum. Each segment 
was slit and the contents adhering the wall were scrapped into No. 
mesh sieve. The contents the sieve were washed remove filterable 
debris and turned into glass bowl. The parasites present showed whitish 
and opaque and enumeration was facilitated against black background. 
Enumeration the cestodes was based the recovery scolices, slitting 
the intestine frequently divided cestode several pieces. 

The parasites were recovered and preserved (17). For 
the most satisfactory results, the trematodes were stained either modified 
Mallory triple stain acetic acid alum carmine (17); the cestodes were stained 
acetic acid alum carmine; while the nematodes were mounted unstained 
glycerol. The acanthocephalan parasites were mounted either unstained 
stained acetic acid alum carmine. 

The technique for the modified Mallory triple stain used this study was 
devised the author. consisted using distilled water dilutions 
the Mallory stains, acid fuchsin and aniline (17). 
specimen was overstained acid fuchsin, was destained acidified 75% 
ethyl alcohol. aniline stain was removed basic 
75% ethyl alcohol. The specimen was dehydrated and cleared 
then mounted neutral balsam. The paler stained specimens showed the 
best differentiation. 

the histological studies, tissues were fixed and stained 
the Harris technique. 


Diseases and Pathologies 


Four muskrats from two widely separated localities were found affected 
pulmonary infection. Two these specimens, which were from Lulu 
Island A-area, were trapped December 1946 while the others were trapped 
March 1947 the vicinity Rutland the Okanagan district E-area. 

all cases, similar lesions were observed. The infection appeared 
through the blood since all lobes the lung were equally affected. The fol- 
lowing description was taken from specimens that had undergone least 
hr. decomposition. 

Macroscopically, the lesions appeared pin point sized grayish white 
circular areas the surface the lung. Where several areas had coalesced, 
the area appeared whitish and rootlike surrounded paler gray area. Each 
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circular area contained one spherical white capsule, which could easily 
dissected from the surrounding tissue. coalesced area would contain several 
capsules. These capsules varied from 0.24 mm. 0.27 mm. diameter. 
The capsules had hard walls and contained many coccuslike organisms. These 
cocci appeared homogenous and finally granular when stained with methylene 
blue. The general condition the animal was good; the flesh was good 
color; the other organs were normal and parasitism was considered average. 


microscopic study the lesions revealed that they were distributed 
throughout the lung tissue density comparable that observed the 
surface. lesion involved little tissue, being compact within its capsular 
wall inside alveolus. The tough capsular wall was composed compact 
homogenous anuclear substance laid down double layer. sectioned 
poorly and appeared product the causative organism. The internal 
layer was basophilic while the external layer was acidophilic. The contents 
the capsule stained basically the haemotoxylin (Fig. 2). 


identify the causative organism six rabbits and four laboratory white 
rats were inoculated with various quantities ground suspension the 
capsules. The rabbits were injected the intrathoracic, intravenous, and 
intranasal routes. The infection failed become established these animals 
within six weeks. the other hand, two the rats became infected within 
two weeks following intrathoracic injection 1.0 ml. the suspension. 
The lesions found the these animals were similar those found 
the muskrat and unlike the tubercular lesions which the older rat carried. 
was also noted that the lungs the younger rat were more intensely 
infected. The lesions were masked the whitish air-filled alveoli and became 
prominent only upon collapse the alveoli. The other two rats, male and 
pregnant female, were injected intrathoracically but with negative results, 
which were due cannibalism the part the female. Also, the tissue 
may have lost its virulence owing prolonged freezing. 


Experimental studies thus demonstrated that the pulmonary infection the 
muskrat infectious the laboratory albino rat and capable producing 
typical lesions two weeks. The causative organism can remain virulent 
for least six weeks while kept constant freezing temperature. 


Another type pathology encountered was what appeared tumorous 
condition. Three large tumors were found; one the side the neck and 
two the axillary region. Histopathology these growths was difficult 
interpret owing extensive postmortem decomposition. However, they 
appeared resemble encapsulated abscesses. 


The muskrat which the above described tumors occurred was also found 
infected pulmonary condition tuberculous nature. Five foci, 
with diameters between and mm., and resembling the tubercular lesions 
found the albino rat, were present the lungs. The acid-fast bacilli 
Corynebacterium rodentium could not demonstrated because the tissue 
had been fixed before receipt. 
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Fic. Pulmonary lesion from the unidentified pulmonary infection. 
Fic. the bones the forelimb following loss the foot. 
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Among the muskrats examined this survey few pathologies were noted 
which apparently did not interfere with the general health the animal. 
One was the occurrence small encapsulated abscesses the ventral side 
the vertebral musculature. There was also single instance where several 
small hemorrhagic areas were present the small intestine, from which 
protozoa could not demonstrated. 

Inflammation wounds frequently occurred. However, wounds produced 
intraspecific strife frequently healed externally while internally, encap- 
sulated abscesses adhesions would have developed. Wounds due escape 
from trap and resulting the loss foot were also found. Although this 
type wound had often healed completely, there were some animals which 
osteitis had developed, involving the remainder the limb, together with 
inflammation adjoining lymph nodes (Fig. 3). 

Actual mortality from diseases difficult ascertain the muskrat. 
However, evident from the carcasses examined that this fur bearer 
affected least two specific diseases. The tumorous condition the 
muskrat found dead probably more developed condition than disease 
that could disseminated through population. 

The two respiratory infections, however, appear likely diseases that 
might decimate population. The first pulmonary condition described 
appears condition that might spread contact with infected 
animals through the dead infected carcass. The fact that the causative 
organism can withstand freezing for six weeks indicates that highly 
resistant extreme temperatures. 

This disease appears similar that described Warwick (53) 1934, 
which was prevalent among muskrats Shropshire. His description the 
lesions resembles that found this survey. Also, both cases, the infected 
animals appeared healthy. However, the experimental studies that 
these two infections tend differ. Warwick found that the rat did not 
contract the infection, but did not state the period that lapsed between 
injection and autopsy the experimental animals. experimental work, 
was found that the rat was infected two weeks after injection. The lesions 
were small and did not become evident until after collapse the alveoli. 
his studies, Warwick identified the causative organism haemolytic 
streptococcus. 

Examination the report Dowding (14) Alberta the pulmonary 
fungus Haplosporangium parvum mice reveals close relationship the 
pulmonary infection muskrats British Columbia. The foremost similar- 
ities were the formation the double cyst wall and the alveolar position the 
cysts. spherical cyst represents chlamydospore. The difference 
the lack granulomatous tissue the muskrat reaction the organism. 


Parasites 


Table shows the incidence and distribution the adult helminth parasites 
the muskrat British Columbia. Besides these parasites which were 
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Adult parasite 


Region 
Class Species 


Trematoda Echinostomum coalitum Stom. 
Int. 
Caec. 
Col. 


Echinoparyphium contiguum | Stom. 
Int. 
Caec. 
Col. 


Quinqueserialis Stom. 
Int. 
Caec. 
Col. 


Notocotylus urbanensis Stom. 
Int. 

Caec. 
Col. 


Plagiorchis proximus Stom. 
Int. 
Caec. 
Col. 


Cestoda Hymenolepis sp. Stom. 
Int. 
Caec. 
Col. 


Nematoda Capillaria ransomia Stom. 
Int. 
Caec. 
Col. 


Acanthoce- Polymorphus sp. Stom. 
phala Int. 
Caec. 
Col. 


TAB 


FREQUENCY DISTRIBUTION 


PARASITES THE MUSKRAT 


A-area, 80 exam. 


Infection* 
Aver.t Ext.ft 
3.2 1-13 
20.7 1-130 
5.4 1-27 
t2 

3.3 1-7 
69.8 2-298 
13.7 3-38 

1-165 

3.7 1-7 
59.5 1-250 


B-area, 9 exam. 


Exam.** 
No. % 
18.75 
47 58.75 

2 2.5 
3 3.75 
42.5 
3.75 
50.0 
1.25 
11.25 
1.25 


Infection 
Aver. Ext. 
_ 230 
2-3 
1-3 


Exam. 


Infection—the number worms found the infected specimens. 
Average number. 
Extremes—the range the number worms found the infected specimens. 


**Examinations—The number and percentage the total muskrats examined that were in- 
fected the parasite. 


4 
% 
2 22.2 
2.0 2 6 i 1.1 ‘ 
. 
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THE ADULT HELMINTH 
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COLUMBIA 


Infection 
Aver. Ext. 
9.8 2-23 
24.4 1-61 
107.1 6-240 
16.3 2-51 
12.0 2-43 
121.3 7-376 
13.3 2-128 
30.8 1-109 
6.0 1-18 

1.0 

1.8 1-3 


C-area, 64 exam. 


D-area, 16 exam. 


E-area, 33 exam. 


199 


Exam. 
No. % 
7 10.5 
5 7.8 
13 19.5 
7 10.5 
5 7.5 
27 40.5 
1 3 
23 34.5 
20 30.0 
7 10.5 
4 6.4 


Infection 

Aver. Ext 

7.3 2-13 
85.3 4-304 

13.5 1-69 
54.0 4-233 
4.5 2-7 
6.0 1-16 
6.3 2-10 


Exam. 
No. % 
18.6 
12 93.0 
1 6.2 
12 74.4 
68.2 
12.2 
18.6 
+ 24.8 


3.5 1-6 
89.0 1-850 
1.0 
17.6 1-74 
7.6 1-15 
10.3 1-55 
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Aver. Ext. No. 
6.1 
15.2 
42.4 
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found more than one carcass, few specimens male opaca were 
found the intestine muskrat from Lulu Island and Capillaria hepatica 
were collected from the liver muskrat trapped the Botanical Gardens 
the University British Columbia. Two species larval cestodes, 
Cysticercus fasciolaris and Cladotaenia sp., were found encysted the liver. 
The latter also occurred cyst the base the mesentery. 


TREMATODA 


Echinostomum coalitum Barker 1915 

This species was first described parasite the muskrat Barker (4) 
reniform consisting spines. These are arranged alternate 
row large spines the rim and five spines each lappet. 

Beaver (7), while completing study Echinostomum revolutum (Fréelich), 
reduced other named species, including coalitum, synonymy with 
revolutum. inferred that physiological differences different 
species hosts might lead the development the characters upon which 
the synonymous descriptions were based. However, considered 
distinct species this report. 

Since the original record, coalitum has been recorded three times from this 
host. Swales (47) reported Echinostomum sp. from the muskrat Alberta, 
while Beaver (7) included several host records from eastern North America 
the species revolutum. Rider and Macy (42) also reported the last named 
species from muskrats northwestern Oregon. 


There was wide range infection coalitum. The highest incidence 
occurred A-area, where infection averaged 58.75% the small intestine 
with 18.75% and 13.7% the stomach and caecum respectively. Although 
only one muskrat from B-area was infected, contained 230 will 
noted from Table that only small percentage the animals from C-, 
D-, and E-areas were infected. C-area, only muskrats from Williams Lake 
were infected, while D-area, only carcasses from Radium were parasitized. 

was apparent that although this species trematode occurs the 
muskrat throughout the province, was most abundant muskrats from 
the coastal areas and 


Echinoparyphium contiguum Barker and Bastron, 1915 

This another species trematode reported Barker described 
trematode, 3.3 The collar has spines arranged 
alternate rows oral and aboral spines the rim and one set four 
each 

Beaver (7) disputes the validity the above description and states that the 
specimens identified Echinoparyphium contiguum the Bureau Animal 
Industry the U.S. Dept. Agriculture ‘‘have more than spines, having 
some and other.” the other hand, Barker and Noll (5) described 
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some specimens that belong the species Echinostomum callawayensis which 
have ‘‘a collar armed with double row alternately arranged spines varying 
this connection, believed that Barker and coauthors described the 
species, Echinostomum callawayensis and Echinoparyphium contiguum, from 
mixed series specimens. This was noted the identification specimens 
trematodes this investigation. Certain characteristics these specimens 
fitted both descriptions while others were not explained either description. 

There has been only one report Echinoparyphium sp. from the muskrat 
since 1915, that Law and Kennedy 1932. 

result the apparently conflicting description Barker and the 
absence more recent study this species, detailed description presented 
this time from the specimens hand. 


Description 

This description based series adult worms collected from 
muskrats the Williams Lake district C-area. These specimens were 
prepared for study according the technique outlined above. 

There only small variation the size the worms. The length averages. 
about 2.8 mm., while the width the level the acetabulum 0.4 mm. and 
the width the level the posterior testis 0.3 mm. 

The acetabulum situated about one-third the total length posterior 
the oral sucker. The former about 0.34 mm. while the latter 0.12 mm. 
diameter. 

The complete cephalic spination which consists spines arranged 
double alternating row spines the rim and four each lappet. 
The rim spines average 0.067 mm., being slightly longer than the lappet 
spines which are 0.059 mm. (Fig. The cuticle the body smooth, 
with slight striations due muscular contraction but scales like those 
Echinostomum coalitum. 

The narrow muscular pharynx not prominent. connected the oral 
sucker short oesophagus. Just anterior the acetabulum the pharynx 
divides form the two branches the digestive tract. The posterior limits 
these branches were not apparent the specimens examined. 

The paired elliptical testes, which lie tandem the posterior half the 
body are approximately 0.31 0.17 mm. The club-shaped cirrus pouch 
situated just anterior the acetabulum and the right the median line. 
some specimens long smooth muscular cirrus was observed projecting 
from it. The length the cirrus would dependent upon its contraction. 
The seminal vesicle not evident. 

The small globular ovary lies anterior and the left the anterior testis. 
The smaller oval Mehlis’s gland lies median it. receptable 
not apparent. The vitellaria duct passes medially across the ventral side 
the body between the ovary and the anterior testis. The vitellaria glands are 
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represented prominent, dark, irregularly globular masses lying parallel 
the lateral borders the body from the acetabulum the posterior tip. 
Near the posterior end the body they merge across the dorsal part the 


Fic. Oral sucker and cephalic spination Echinoparyphium 
Drawn with camera lucida. 


Fic. Rostellar hook the cestode, Cladotaenia sp. Drawn X300 with 
camera lucida. 


body. The extremely short loosely coiled uterus lies between the ovary and 
the acetabulum. passes the left the acetabulum open the 
indistinct genital pore the left the midline. The non-operculate eggs 
are few, numbering from the specimens examined. They are 
approximately 0.177 mm. long. 

The excretory ducts are not apparent these specimens. However, the 
slender elongated median excretory reservoir extends from the posterior 
the second testis and opens the posterior tip the worm (Fig. 6). 
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SUCKER 


YOLK DULT 


EXCRETORY 


Fic. contiguum. Ventral view. 


Drawn X150 with camera lucida. 


This species was found only C-area where total 1393 worms were 
recovered from muskrats. may noted from Table II, they were 
distributed throughout the entire digestive tract. The greatest infection 
occurred the intestine where average 107 worms was collected. 


Ag 
Infection 
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Law and Kennedy (24) redescription the species Echinostomum 
callawayensis and Echinoparyphium contiguum omit the detail the cephalic 
spination and the uterus. the latter characteristic, they merely mention 
the degree abundance eggs. Beaver (7) also noted these omissions 
the description Law and Kennedy. However, like him, was unsuccessful 
attempt procure the original specimens which Law and Kennedy 
based their description. 

Neveu-Lemaire (30) indicates that this genus can separated from the 
other genera the subfamily Echinostominae the position the ventral 
sucker. Echinoparyphium, situated the anterior quarter the body 
while the genera Echinostomum, Euparyphium, and Hypoderma, 
situated close the oral sucker. 


Plagiorchis proximus Barker 1915 


This distome was described originally Barker 1915, parasite 
the muskrat. Since then, has been reported this host Ontario, Ohio, 
Michigan, and eastern Canada. 

Mature specimens this trematode occurred the small intestine two 
readily distinguishable varieties, which will referred the ‘typical’ 
and the ‘atypical’ (Figs. latter small oval-shaped trematode 
which the posterior half the body almost cylindrical while the anterior 
half flattened. 

The atypical variety occurred muskrats from and D-areas and was 
found only the typical variety was present. greater number were col- 
lected D-area, where average 11.6% the total infection was atypical 
specimens compared with 4.9% C-area. 


Quinqueserialis quinqueserialis (Barker and Laughlin, 1911) 


The two species Notocotylinae that infect the muskrat this province 
are readily distinguished macroscopically from each other the shape the 
worm and the number rows protrusible glands the ventral surface. 
quinqueserialis has five rows while Notocotylus urbanensis has three rows. 
Another distinguishing feature the locus infection the two species; the 
former inhabits the caecum almost exclusively, while the latter occurs pre- 
dominantly the descending colon. 


quinqueserialis was first described Barker and Laughlin 1911 
Notocotylus quinqueserialis from specimens found the caecum the muskrat 
Nebraska. 1942, description the host cycle, Herber (20) listed 
the genus Quinqueserialis. separated this genus from that Noto- 
cotylus the basis the five rows ventral glands the former compared 
the three rows the latter. The several previous records 
serialis parasite the muskrat are outlined Table 


Even high infections this almost exclusively parasite the caecum, 
although few specimens were collected from other parts the digestive 
tract muskrats from A-area. A-, C-, and E-areas, the percentage 
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infection ranged from 40.5% 45.5%, while and D-areas was 88.8% 
and 93.0% respectively. The intensity infection was extremely variable. 
several specimens, infection ranged between 200 and 350, while one 
muskrat from E-area harbored 850 trematodes this species. 


Fic. proximus. typical specimen, determined from the description 
Barker. Drawn X150 with camera lucida. Reduced approximately 
reproduction. 


Fic. proximus. specimen the ‘aberrant type’ that found the 
muskrat British Columbia. Drawn X150 with camera lucida. Reduced approxi- 
mately reproduction. 


Notocotylus urbanensis (Cort 1914) 


mentioned previously, this trematode readily distinguishable from 
quinqueserialis. The description given Harrah (18) was used identify 
specimens found the digestive tract several muskrats this province. 
the specimens described Harrah, said, ‘‘medium sized worms 2.5 mm. 
3.5 mm. long 0.5 mm. 1.0 mm. wide, having three rows ventral 
glands each row containing glands.” 
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Cort (11) described Cecaria urbanensis. However, was Harrah who 
studied the mature adult worms and recently excysted immature specimens; 
compared the latter the description Cort the cecaria; and concluded 
that one foreruns the other. Luttermoser (26) confirmed the conclusion 
Harrah, experimental infection domestic ducklings and muskrat with 
Cecaria urbanensis, and recovered adult specimens urbanensis from the 
intestine both experimental hosts. 


Available literature revealed that this trematode has been reported from 
muskrat Maryland and northwestern Oregon. Other hosts include Aix 
sponsa (wood duck) and scuta (pintail duck) from which Hassall col- 
lected specimens the intestine 1893. 


urbanensis was the least abundant trematode collected from the muskrat 
British Columbia. Previous reports indicate that primarily parasite 
the intestine and caecum. However, was found that this province 
occurred mainly the colon. 


The average colonic infection A-, C-, and D-areas varied from 13.5 
13.7 worms infections 16.3% A-area, 34.5% C-area, and 74.4% 
D-area. Although the parasite was also recorded from and E-areas, its 
occurrence there was slight. Insignificant infections occurred parts the 
digestive tract other than the colon. 


CESTODA 
Hymenolepis sp. 

Two species cestodes this genus were collected the small intestine 
and these were identified Hymenolepis evaginata and Hymenolepis octo- 
coronata from the key Hughes (22). evaginata, the typical species 
cestode the muskrat, was originally described Barker and Andrews 
1915 from this host Nebraska. This parasite has been reported since 
infecting the muskrat many widely scattered areas which are given 
Table 

octocoronata, which normally infects the South American rodent, Myo- 
castor coypus (coypu nutria), was first described from this host France 
Henry (19). However, literature does not reveal previous record this 
cestode from the muskrat. 


Except for 3.75% the muskrats examined from A-area infected 
average 3.7 worms the stomach, these cestodes were exclusively parasites 
the small intestine. The muskrats from the interior British Columbia 
showed slight infection, ranging from 10.5% C-area 18.6% D-area, 
with intensity infection average range from worms. The 
coastal muskrats, however, showed more intense infection 50.0% 
average 59.5 worms. The range intensity infection varied from 
approximately 250 cestodes. B-area, 55.5% the muskrats were 
infected average two cestodes. 
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Hymenolepis octocoronata (von Linstow) Fuhrmann 1924, also Meggitt 1924 
This species occurred three varieties only muskrats A-area. Two 
varieties possessed identical rostellar armature, but were distinguished 
size. The intensity infection with the variety ranged from 
250 and from worms with the variety. These varieties both 
possessed rostellum armed with typical circlet eight elongated hooks. 
third variety, occurring within the variety was also disclosed. 

This aberrant type possessed rostellum armed with nine dissimilarly shaped 

hooks, compared with those the above mentioned varieties (Figs. and 10). 


— 


Fic. hook the ‘large’ and ‘small’ varieties octocoronata. 
Scale mm. Drawn with camera lucida. Reduced approximately 


Fic. hook the ‘small aberrant’ variety octocoronata. Scale mm. 
Drawn X300 with camera lucida. Reduced approximately repro- 


duction. 


Fic. hook Hymenolepis evaginata. Scale mm. 3.7 Drawn 
with camera lucida. Reduced approximately reproduction. 


Fic. 12. Immature proglottids octocoronata. composite drawing, the outline 
was completed with camera lucida Reduced approximately reproduction. 


The arrangement the internal organs the proglottid was identical that 
described for octocoronata. 


According the key Hughes (22), there described species 
Hymenolepis bearing nine rostellar hooks. Literature since this date also 
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reveals nine-hooked species. With the rostellar armature the only 
distinctive character, these specimens were classified aberrant type 
the species octocoronata. 


Description 

mentioned previously, this species occurred two varieties that were 
distinguished the size the proglottids. the variety mature 
proglottids measured mm. mm., while the 
variety they were mm. 

The rostellar armature the pestle-shaped scolex consists eight long, 
slightly curved hooks with average length The length the 
nine hooks the aberrant type mm. The four deep 
circular suckers measure 0.1mm.indiameter. The three disclike testes, 0.058 
mm. diameter, lie triangular position, one the poral side and two 
the aporal side. The slender club-shaped unilateral cirrus pouch extends 
about two-thirds across the width the proglottid. The spinous cirrus 
approximately 0.027 mm. long. 

The median bilobed ovary lies near the posterior border the proglottid. 
The diameter the eggs 0.027 mm. (Fig. 12.). 

Host: Ondatra osoyoosensis. 

Habitat: Small intestine. 

Localities: Burnaby Lake Game Reserve (Vancouver), Fraser River delta 

islands and Duncan, B.C. 

The only species that this cestode resembles ondatrae Rider and Macy 
1947 but differs from several respects. 

The dimensions mature proglottids ondatrae are 
mm. These figures approximate the size the variety 
octocoronata. The hooks, although dissimilarly shaped, are approxi- 
mately the same length. 

Contrast noted the position and size the testes. ondatrae, 
their position posterocentral definite triangle, the anterior testis forming 
the apex the triangle. They are ovoid and measure 0.040 0.070 mm. 
this species. 

The ovary ondatrae similar position that octocoronata, 
but the former ovoidal trilobate, while the latter bilobed. 
The eggs are larger, being mm. 

Henry (19) review the parasites and parasitic diseases the nutria 
considered octocoronata normal parasite this fur-bearing animal. 
interesting note that the muskrat the Lower Mainland A-area has 
acquired introduced parasite. The adaptation logical, since both the 
described host and the acquired host are ecology. known that 
the nutria was introduced into the Fraser River valley the Lower Mainland 
fur-farming interests several years ago. The extent their present distri- 
bution not known. 


| 
f 
§ 
f 
1 


KNIGHT: DISEASES AND PARASITES MUSKRAT 209 


The presence this species also muskrats from Vancouver Island and 
the fact that there evidence for the presence nutria this region suggests 
that the acquisition octocoronata the muskrat this area separate 
from that the mainland. The independent acquisition made more 
probable the absence any transplantation muskrat Vancouver Island 
from the Lower Mainland since the introduction nutria the latter area. 


The distribution these two species Hymenolepis seems logically 
explained the presence natural barrier, the Skagit Range the 
Cascade Mountains, that separates the interior and coastal populations 
muskrat and tends confine the nutria the Fraser River valley. 


The existence atypical varieties cestodes has been reported previous 
occasions. apparent that the individual physiology the host not 
responsible since muskrats examined contained both the and 

The distribution the small nine-hooked variety this species is, however, 
less constant than the eight-hooked varieties. Only two muskrats, from 
Lulu Island and Sea Island, were infected. The existence this type was 
concluded after all intact scolices from two carcasses infected were examined. 


According Henry, Sprehn observed inflammation the intestinal 
mucosa instances high infection octocoronata. the muskrat 
abnormal condition was evident, despite the fact that the infection was some- 
times more than 250 worms in. segment the small intestine. 


evaginata Barker and Andrews Barker 1915 


Throughout the province, other than the Lower Mainland A-area and 
B-area, slight and scattered infection evaginata was disclosed. 
C-area, the only infection found occurred 1947 Williams Lake and Mapes. 
the former, three muskrats were infected total cestodes, 
while the latter two muskrats had two worms. infection was 
found muskrats from Radium and Windermere. Radium, two six 
carcasses contained evaginata, one them contained worms. 
Windermere, infection was single worm one muskrat. E-area, 
Rutland, three muskrats were infected total cestodes. 

was observed that regional difference occurred the size the rostellar 
armature. Hughes (22) indicated that the length the hooks 7u. The 
length the hooks the specimens collected from British Columbia averaged 
although the shape and proportions were the same (Fig. 11). 


LARVAL CESTODES 


The liver the muskrat was infected two species larval cestodes; 
the strobilocercus Taenia taeniaformis (Cysticercus fasciolaris) and the 
proliferating cysticercus species belonging the genus Cladotaenia. The 
latter species also occurred encapsulated cysts the base the mesentery. 
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Cysticercus fasciolaris Batsch 1786 


Since the first record Linton 1884 (Barker the larval stage, 
Cysticercus fasciolaris, Taenia taeniaformis has been reported several times 
parasite the muskrat (Table I). infects the liver other rodents 
namely, Mus Microtus sp. The adult cestode typically infects sp. 

Occurrence this strobilocercus was limited Rutland E-area. 
this infection, carcasses were infected with one three larvae, total 
were encysted singly the periphery the liver lobes. Compared 
previous descriptions, these specimens were typical for the species. 


sp. 


Natural infections Cladotaenia larva have been reported 
Penner (35) from Microtus pinetorum scalopsoides and Peromyscus leucopus 
noveborascensis. The adult was recovered from Accipiter coopert (Cooper’s 
hawk). 

Experimental infection several small rodents including two young musk- 
rats eggs Cladotaenia sp. from the goshawk produced typical cysticerci 
the liver, pancreas, kidneys, and mesenteries (Penner, Ameel (3) 
Following the description two larval cestodes from the muskrat, Ameel (3) 
has stated that consideration should given raptorial birds possible 
hosts for small hooked proliferating cysticerci. 

Although this genus was discovered mammal, Crozier (12) has indicated 
that the known species, are found falconiform birds and one has 
been reported also from charadriiform bird. 


Cladotaenia sp., identified McIntosh 1944, occurred muskrats 
Burnaby Lake (Vancouver) and Lulu Island A-area. three muskrats, 
cysticercus cysts were present the base the mesentery. These cysts 
varied size from mm. Several individual scolices were collected 
from the duodenum one specimen. possible that these scolices were 
related the two cysts the liver this animal, since the detail the scolex 
was identical both instances. 


Infection the proportions found was apparently not detrimental the 
host. One carcass from Lulu Island had cysts the liver, with apparent 
ill effects. 


Each liver cyst usually contained one bladder with several scolices it, 
the number ranging between and 12. mesenteric cyst contained 
numerous bladders with one several scolices each. The scolex was 
armed with small hooks arranged double row (Fig. 5). The 
rostellar hooks from the cysticerci the mesenteric cyst one muskrat were 
poorly defined, but was assumed from their number that they were the same 
species those other cysts. 


appears that this species Cladotaenia somewhat resembles the first 
species larval cestode described Ameel (3). However, since Ameel did 
not identify the species described, this opinion based his description 
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and illustration cysts. The shape the hooks quite different. With 
this resemblance mind, thought that the species from the muskrat 
British Columbia may represent closely related species. 


NEMATODA 


Capillaria ransomia Barker and Noyes 1915 

This was the only nematode which was found infecting the muskrat any 
extent. ransomia was described Barker (4), and since then has been 
reported from this host several areas, including eastern Canada, Michigan, 
and Ohio. 

shown Table that small incidence infection was found all 
areas this province. 

The main site infection was the small intestine. A-area, however, 
specimens were collected from the stomach and caecum the one muskrat 
infected. 

The highest average intensity infection well the highest percentage 
infection was found muskrats from E-area. Sixty-nine nematodes were 
recovered from two carcasses from Oliver; one these harbored worms 
which was the highest single infection. 

addition the above nematode, few specimens Trichuris opaca were 
collected from the intestine muskrat from Lulu Island (A-area) and 
Hepaticola hepatica from the liver the muskrat trapped the Botanical 
Gardens the campus the University British Columbia. 


Acanthocephala 

Seven specimens species belonging this group parasites were 
recovered from the small intestine four muskrats C-area. Six these 
came from three animals taken Ochiltree 1946, while one was collected 
from muskrat Springhouse 1947. 

Using the key Van Cleave (50), distinguishing characters indicated that 
these specimens belong the family Corynosomidae and are related the 
genus Polymorphus, 1911. Since species this genus are parasitic mostly 
birds, possible that infection the muskrat accidental. 


Discussion 


This investigation revealed that the muskrat British Columbia probably 
not greatly affected disease and parasites. Analysis reports from game 
wardens and trappers indicated that this fur bearer apparently more affected 
wounds due intraspecific strife than actual disease. These wounds 
which are most dominant during the spring sexual fighting reduce the value 
pelts collected this time. some localities, particularly the Lower 
Mainland, where trapping carried out within municipal boundaries, and 
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several trappers collect the same territory, considerable maiming muskrat 
probably results when animal escapes Pathological conditions 
include two pulmonary infections and tumorlike condition. 


With regard parasitism, although 74.0% the carcasses were infected, 
the infection each was not sufficient produce any pathological condition. 
All but two species parasites have been previously recorded from this host. 
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ECHINOCHASMUS COHENSI N.SP. 
(FAMILY ECHINOSTOMIDAE, SUBFAMILY ECHINOCHASMINAE) 
FROM THE SEA GULL, LARUS 


Abstract 


Echinochasmus cohensi n.sp. (family Echinostomidae, subfamily Echino- 
chasminae) described from the sea gull, Larus argentatus Briinn. 


Echinochasmus cohensi n.sp. 


single specimen was found the intestine Larus argentatus. This 
specimen was fixed hot 10% formalin. 


Description 

Body lingualiform, 2.2 mm. long, and widest the region the anterior 
testis. The body covered with spines long and broad 
the base, which are thickly set anteriorly and gradually become more sparse 
until they disappear the level the anterior testis. The anterior end 
surrounded reniform collar bearing spines interrupted dorsally. 
While the spines appear arranged pairs, this only quite clear 
the last six each row. The corner spines are markedly more posterior and 
are 40u long while the remainder are long; all are wide the 
base. The oral sucker subterminal and measures The pre- 
pharynx and the pharynx 77u. The oesophagus long and 
forks front the ventral sucker; the caeca extend the posterior end 
the body. The ventral sucker circular and measures diameter. 
The cirrus pouch extends halfway down the ventral sucker. The testes are 
the posterior part the body; the anterior testis 240 and the 
posterior 225 The ovary ovoid and measures 122 85y and 
situated almost the median line. The vitellaria extend the posterior 
border the ventral sucker. The eggs measure from 

Host: Larus argentatus. 

Location: Intestine. 

Locality: Canada (Ste. Anne Bellevue, P.Q.). 

Type Specimen: Institute Parasitology, Macdonald College, P.Q. 


Manuscript received February 1951. 
Contribution from the Institute Parasitology, Macdonald College, McGill University, 
with financial assistance from the National Research Council Canada. 
Government India Research Scholar. (Of the Mysore Serum Institute, Bangalore, 
ndia. 
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Fic. Camera lucida drawing Echinochasmus cohensi. Fic. Head the worm. 


Discussion 


Echinochasmus cohensi has compared only with the five species this 
genus having collar spines, follows: 


oligacanthus (2). The corner spines are the same row the 
lateral ones; the oral sucker comparatively smaller, the ratio between the 
oral and the ventral sucker being one four. the present species, the 
corner spines are not the same row the other spines. The ratio between 
the oral sucker and the ventral sucker less than one three. 


mordax (Looss). Here also the corner and the lateral spines are the 
same row. The mid-body line situated slightly anterior the posterior 
border the ventral sucker, described Looss (1), and shown his 
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figure. cohensi, the corner spines are below the row lateral ones and 
the ventral sucker definitely anterior the mid-body line. 


Price this species the body covered scalelike 
spines; the anterior testis the mid-body and the eggs are smaller. 
the body covered linear spines and the testes are behind the 
mid-body line. The eggs schwartzi are compared with 
89.25 49u the species under discussion. 


Yamaguti. Yamaguti’s (4) figure, the corner spines appear 
the same row the lateral ones. Yamaguti states that the anterior 
part the anterior testis the middle the body, the posterior testis 
intruding little into the caudal third the body. the corner 
spines are below the row the rest and both the testes are the posterior 
part the body. 


milvi Yamaguti states that this species plump, 
0.7 mm. The acetabulum more posterior, and the author’s 
figure shows partly cover the ovary. According Yamaguti the position 
the testes different: 


“anterior median slightly sinistral, the posterior median, anterior 
end posterior third body its junction with the middle third, 
with its long axis oblique transverse that the 


cohensi, the testes are one behind the other with their long axis parallel 
that the body. The spines milvi are smaller, the corner ones being 
milvi extend more anteriorly, above the posterior margin the ventral 
sucker. 


Accordingly, the species described here regarded new and named 
Echinochasmus cohensi, after colleague, Mr. Harry Cohen. 


key the species this genus having collar spines follows: 


Corner spines situated more posteriorly than the 


(2) Oral sucker small comparison with the ventral sucker, the ratio being more than 
testes transversely flattened and the margins indented............... 


Ratio between the oral and the ventral sucker less than testes round oval with 


(3) Ventral sucker about the middle the mordax 
Ventral sucker much anterior the transverse middle line the body...... 
(4) Eggs small and anterior testis the mid-body................ 
Eggs more than and the interior testis behind the 
(5) Cephalic spines small, corner one being with width and the others 
Cephalic spines larger, 48u with width cohensi 
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figure. the corner spines are below the row lateral ones and 
the ventral sucker definitely anterior the mid-body line. 


Price this species the body covered scalelike 
spines; the anterior testis the mid-body and the eggs are smaller. 
cohensi the body covered linear spines and the testes are behind the 
mid-body line. The eggs schwartzi are compared with 


Yamaguti. Yamaguti’s (4) figure, the corner spines appear 
the same row the lateral ones. Yamaguti states that the anterior 
part the anterior testis the middle the body, the posterior testis 
intruding little into the caudal third the body. the corner 
spines are below the row the rest and both the testes are the posterior 
part the body. 


milvi Yamaguti (4). Yamaguti states that this species plump, 
0.7 mm. The acetabulum more posterior, and the author’s 
figure shows partly cover the ovary. According Yamaguti the position 
the testes different: 


median slightly sinistral, the posterior median, anterior 
end posterior third body its junction with the middle third, 
with its long axis oblique transverse that the body.” 


cohensi, the testes are one behind the other with their long axis parallel 
that the body. The spines milvi are smaller, the corner ones being 
milvi extend more anteriorly, above the posterior margin the ventral 
sucker. 


Accordingly, the species described here regarded new and named 
Echinochasmus cohensi, after colleague, Mr. Harry Cohen. 


key the species this genus having collar spines follows: 


Corner spines situated more posteriorly than the 


(2) Oral sucker small comparison with the ventral sucker, the ratio being more than 
testes transversely flattened and the margins indented............... 


Ratio between the oral and the ventral sucker less than testes round oval with 


(3) Ventral sucker about the middle the mordax 
Ventral sucker much anterior the transverse middle line the body...... 
(4) Eggs small and anterior testis the 
Eggs more than and the interior testis behind the mid-body.............. 


(5) Cephalic spines small, corner one being with width and the others 
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THE PROVENTRICULUS SOME LOCUSTS THE FAMILY 
EUMASTACIDAE (ORTHOPTERA) WITH REFERENCE 
ITS USE TAXONOMY! 


Jupp? 


Abstract 


The structure the proventriculus four species locusts the family 
Eumastacidae described, indicating that this family represents line 
descent distinct from other acridoid families which the proventriculus has 
been studied. 


Introduction 


previous paper (3) the writer described the proventriculus various 
orthopteroid insects and presented conclusions, concerning the phylogeny 
these insects, based upon the study the structure this organ. The 
families acridoid insects represented were the Acrididae and the Tetrigidae. 
Since this account appeared, opportunity has been taken examining the 
proventriculus few species another acridoid family, mainly tropical 
distribution, the Eumastacidae. Dr. Rehn (4) has recently 
our knowledge the insects this family and was through his kindness. 
that specimens from the collections the Academy Natural Sciences 
Philadelphia were made available for study. 


Materials and Methods 


The insects from which the proventriculi were removed for examination were 
six pinned specimens representing three subfamilies the Eumastacidae. 


Malagassinae 


Malagassa tridens Rehn and Rehn: Oriental Forest District, Tano- 
vana between Tamatave and Tananarive, Madagascar, 1937, Lamberton; 
800 meters elevation, Oriental Forest District, Rogez between Tamatave 
and Tananarive, Madagascar, Dec., 1937, Lamberton. 


Episactinae 
lithocolletus Rehn and Rehn: (Paratypes, elevation 
2200 ft., Cantarranas, Rio Choluteca, Honduras, Aug. 1930, Honduras 
Expedition. 
Eumastacinae 
Eumastax sylvicola Rehn and Rehn: (Paratype, elevation 1000 ft., 
Emilia near Guapiles, Costa Rica, Aug. 18, 1923. 
Eumastax surinama Burr: San Esteban, Venezuela, Sept., 1910, 
Carriker Jr. 


Manuscript received January 1951. 
Contribution from the Department Zoology, University Western Ontario, London, Ont. 


Assistant Professor Zoology. 
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Whole mounts were prepared show the sclerotized lining the proven- 
triculus flattened out and divested connective tissue and muscles. 
preparation for removal the organ pinned insect was placed solution 
potassium hydroxide for about hr. The pin was then carefully with- 
drawn and the dorsal body wall the insect was cut longitudinally with eye 
scissors. The sclerotized intima the proventriculus was then removed from 
the body cavity and was slit longitudinally. Any soft tissues remaining 
attached were removed with fine needles placing the proventriculus 
hydroxide again for few hours. The intima, divested muscles and other 
tissues, was washed with water remove the hydroxide. was then put 
into several changes alcohols increasing concentrations remove water, 
and finally into absolute alcohol. The absolute alcohol was washed out with 
xylol and the intima was mounted slide Canada balsam. 


Descriptions 


MALAGASSINAE 


Malagassa tridens Rehn and Rehn 

this species the inner surface the crop (Fig. 1-C) shows intima 
thrown into series narrow longitudinal ridges (LR). Along the dorsal 
and lateral surfaces the crop each these ridges bears series fine, 
pointed spines (S) which project backward. the ventral surface the 
crop few these ridges bear spines and together they form shallow 
groove (G) that continues backward through the proventriculus (P). Where 
the crop narrows form the proventriculus the spines are not present its 
ridges. the posterior end the proventriculus the ventral groove ends 
abruptly between two small patches minute spines (PS). The lateral walls 
the proventriculus are formed two broad, smooth cushions (CN) where 
the longitudinal ridges are obliterated. Behind each cushion broad flap 
the oesophageal valve (Oes. projects backward into the mid-gut. The 
dorsal surface the proventriculus occupied cluster long, stout, 
pointed spines (LS), 0.1 They project downward and back- 
ward toward the ventral groove and some the longer and more posterior 
ones project into the mid-gut. Mounts from male and female specimen 
were examined and differences between the two were noted. 


EPISACTINAE 


Gymnotettix lithocolletus Rehn and Rehn 

The structure the proventriculus and crop this species the same 
Malagassa tridens, there being longitudinal ridges (Fig. 2-LR) bearing 
spines (S) the crop (C), ventral groove (G) ending between two patches 
spines (PS), smooth cushions (CN) laterally, followed the two flaps 
the oesophageal valve (Oes. V), and cluster large spines (LS) occupying 
the dorsal surface. differences structure were noted mounts made 
from male and female insects. 
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Oes.V 


tridens Rehn and Rehn—intima proventriculus and posterior end 
crop, slit longitudinally near the mid-dorsal line and laid flat. 


Fic. lithocolletus Rehn and Rehn—intima proventriculus and posterior 
end crop, slit longitudinally along the mid-ventral line and laid flat. 
C—crop; CN—cushion; G—ventral groove; LR—longitudinal ridge; LS—long spine; 
Oes. V—oesophageal valve; P—proventriculus; PS—patch spines; S—spine 
longitudinal ridge. 


Fig.2 
Oes.V 
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EUMASTACINAE 


Eumastax sylvicola Rehn and Rehn 


Eumastax surinama Burr 
The structure the proventriculus these two species the same 
Malagassa and lithocolletus. 


Discussion 


Rehn (4) discussing the position the Eumastacidae relation other 
acridoid Orthoptera concludes that the family ‘‘more closely related the 
Proscopiidae than any other major division, with intimate relation- 
ship the Tetrigidae, and even more widely distinct from the 
The structure the proventriculus the Proscopiidae has not been investi- 
gated but the structure this organ has been studied the Acrididae and 
Tetrigidae Judd (3). these two families the intact crop and proven- 
triculus together form tubular structure, they the Eumastacidae. 
the Acrididae the lining the crop thrown into longitudinal ridges 
bearing spines, the Eumastacidae, but the Tetrigidae these ridges 
and spines are not present. The crop the Eumastacidae is, then, similar 
that the Acrididae but not that the Tetrigidae. differs one 
respect from the crop the Acrididae that has the longitudinal groove, 
devoid spines, along its ventral surface. 

the proventriculus the arrangement parts radically different the 
Eumastacidae from the arrangement the Acrididae and Tetrigidae. 
described Judd (3) the proventriculus the Tetrigidae either smooth 
and unrelieved any projections shows six poorly defined longitudinal 
folds, while the Acrididae there are six well defined longitudinal plates 
bearing small scalelike projections. Consequently these two families the 
proventriculus shows symmetrical arrangement parts around its lumen. 
the Eumastacidae the arrangement asymmetrical, the ventral surface 
being occupied the ventral groove flanked two small patches spines, 
the lateral walls being composed the two smooth cushions and the dorsal 
surface being occupied the cluster long spines. The oesophageal valve 
consists the two lateral flaps, arrangement quite different from that 
the Acrididae and Tetrigidae where the whole posterior end the proven- 
triculus reflexed into the mid-gut form the valve. 

The relationship the families the suborder Caelifera the Orthoptera 
one another has been the subject investigations several authors 
who have made comparative studies various features the external 
and internal anatomy, e.g. Walker (5, 6)—terminal abdominal appendages, 
Ford (2)—abdominal musculature, Carpentier (1)—digestive tract. 
consequence these studies the Acrididae and Tetrigidae have been included 
superfamily Acridoidea and the Tridactylidae and Cylindrachaetidae 
superfamily Tridactyloidea. This grouping families was also considered 
Judd (3) express the true relationship the basis the structure 
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the crop and proventriculus. the Eumastacidae, the structure the crop 
similar that the Acrididae and the Eumastacidae may therefore 
considered acridoid family suggested Rehn the proven- 
triculus differs greatly from that other acridoid families indicating that the 
Eumastacidae represents line development, within the acridoid group, 
distinct from the Acrididae and Tetrigidae. The proposed 
Judd (3) may then expanded, follows, include the Eumastacidae: 


Tridactyloidea 


Caelifera 


Acrididae 


Acridoidea Tetrigidae 


Eumastacidae 


The examination the proventriculi the Eumastacidae disclosed 
variations its structure the four species involved, although three sub- 
families were represented. Consequently there evident basis for separ- 
ating least these three subfamilies the basis the structure the 


proventriculus. 
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CALORIMETRIC DETERMINATION AVERAGE BODY 


TEMPERATURE SMALL MAMMALS AND ITS VARIATION 
WITH ENVIRONMENTAL 


Abstract 


method described for determining average body temperature mice 
placing them immediately after killing Dewar flask containing water and 
recording the temperature rise. Evidence presented show that post- 
mortem heat production does not contribute appreciably the results. Average 
body temperatures are usually about lower than colonic temperatures except 
during lethal chilling when average temperatures are frequently higher than 
colonic. The rise average body temperature produced activity increases 
with environmental temperature. Body temperatures may lower during 
activity than during rest cold air temperatures. 


Introduction 


Although rectal colonic temperature has been generally accepted 
standard measure deep body temperature, has been recognized that this 
any other single point determination unreliable index changes 
temperature the body whole during hypothermia. Observations 
hypothermic mice this laboratory support this viewpoint. Apparently the 
only determination total heat content animal was made Henriques 
(11) who killed hedgehog after had awakened from hibernation and placed 
ice calorimeter. However, estimations average body temperatures 
have been made for humans (3) and small animals (12) from skin and rectal 
temperature data. the present study method developed for measuring 
heat content small mammals, and the reliability, applications, and limita- 
tions this method are discussed. 


Description Method 


The average body temperature small mammal determined calori- 
metrically the method mixtures. 218 ml. Dewar flask, containing 
100.0 gm. water approximately 20.5° used the calorimeter 
20° constant temperature room. The flask closed No. stopper 
are made with the aid lens. When the calorimeter closed the ther- 
mometer bulb rests about from the bottom the flask. The calori- 
meter then placed mechanical shaker with action set that the water 


Manuscript received January 19, 1951. 
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does not wet the rubber stopper. The initial temperature the water 
taken after stable readings have been obtained. 


The test animal killed percussion and immediately placed the 
calorimeter. The stopper and thermometer are quickly reinserted and the 
calorimeter with contents replaced the shaker. Thermometer readings 
are taken regular intervals during the period temperature rise and 
calorimeter cooling. The shaker operates continuously except while readings 
are being taken. 


Calculation Average Body Temperature 


The average body temperature mouse calculated from the observed 
temperature rise plus small correction due heat exchange the calori- 
meter with its surroundings. typical record shown The period 


22.5 
8 
22.0 
F 4 


TIME, MIN, 


Fic. Calorimeter temperature-time curve for white 
mouse. Explanation text. 


rise usually lasts min. and the rise about for normal 
white mouse. After the final temperature reached, readings are continued 
for about min. obtain the heat exchange constant the calorimeter plus 
contents from which the correction” calculated. 


The calculation the ‘‘radiation has been made according 
the Regnault-Pfaundler method (6) method based the work 
Dickinson (4) that commonly used combustion calorimetry. According 
the former: 
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where initial rate change temperature the calorimeter due 
its surroundings, 

final rate change temperature the calorimeter due its sur- 
roundings (given Fig. 1), 

mean temperature calorimeter before introducing mouse 
Fig. 1), 

mean temperature calorimeter thermal equilibrium (taken 
some point which the cooling rate was determined), 


are temperatures for periods equal duration during period 
temperature rise AD. 
Since the initial temperature the calorimeter constant, becomes zero, 


anu the term 


hence 


—yl 

The short method calculating which similar that described 
the Parr Instrument Co. (16), multiply the time required for the 
temperature rise the first 6/10ths the observed rise (AF Fig. 
and add this the initial temperature Likewise times the time 
required for the temperature rise the last 4/10ths the observed rise 

The correction was generally observed small, ranging from zero 
the correction were ignored, body temperatures would generally 
low about Within the limits accuracy the calorimetric 
procedure, specified the standard deviation values Table the 
correction calculated the two methods described above gave satisfactory 
agreement. Thereafter was generally calculated the simpler Dickinson 
method. For this purpose was found sufficient take readings every 
minute for the first min. and every 2.5 min. onwards from the min. point 


for another min. 


The correction added the temperature rise and the net corrected 
rise obtained. This figure used for calculating average body temperature 
using the standard formula for the method mixtures (10). The water 
equivalent the calorimeters with 100 gm. water, determined supplying 
known amount electric current and recording the temperature rise, ranged 
between 110.5 and 113.5 and averaged 112 nine comparative tests. 
some tests hypothermic mice the calorimeter temperature was lowered 
below the initial temperature but exactly the same principles apply the 
calculations that described above for rise calorimeter temperature. 
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Specific Heat White Mice and Precision Calorimetric Procedure 


The specific heats dead white mice were obtained heating them 
temperature 34.4° 0.05° vessels submerged water bath and 
then determining the temperature rise produced calorimeter. The results 
are shown Column Table When the average body temperature was 


TABLE 


SPECIFIC HEAT AND AVERAGE BODY TEMPERATURE MICE KILLED 
AND HEATED 34.4° 


Body weight, Specific heat,* Average body** 
gm. temperature, °C. 
20.0 0.777 
23.8 0.815 34.2 
0.816 34.2 
25.6 0.839 34.5 
27.4 34.0 
26.8 34.6 
32.0 0.830 34.4 
34.3 0.830 34.4 
23.9 34.5 
32.6 34.5 
32.0 0.830 34.4 
32.8 0.846 34.6 
28.2 0.821 34.3 
0.830 34.4 
23.8 0.800 34.0 
Average 0.824 0.005 34.3 0.07 


Assuming average body temperature 34.4° 
Assuming specific heat 0.83. 


assumed the average specific heat was 0.824 0.005. This 
does not differ significantly from the value 0.83 generally used animal 
calorimetry. 

The same mice were used determine the precision the calorimetric 
procedure calculating the average body temperature using 0.83 the 
specific heat instead 0.824 actually found. The are shown 
Column Table The average was 34.3° with standard 
deviation 0.25°C. 


Post-mortem Heat Production 

obvious that appreciable heat production after death, during the period 
temperature determination, would vitiate the results. seems 
generally assumed that post-mortem heat production would appreciable 
fraction the total heat measured, and Lefévre (13, 369) cited several 
references support this idea for humans. Tests were therefore carried 
out assess the effect post-mortem heat production mice this method. 
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When normal white mouse killed and placed calorimeter the tem- 
perature rise usually lasts only about min. The temperature then falls 
approximately 0.003° per minute. This rate fall was also observed with 
calorimeter containing water and mouse that had been dead for several 
hours when both water and mouse were about above room temperature. 
Although known that various heat producing mechanisms continue for 
much longer than min. after death (2), these data suggest that post-mortem 
heat production was not appreciable after the calorimeter temperature began 
fall. 

has been indicated above that the standard deviation control deter- 
minations This variation would equivalent calories 
for gm. mouse. The production calories heat about min. 
(the average duration calorimeter temperature rise) approximately 
the basal metabolic rate normal white mice reported Morrison (15). 
therefore apparent that post-mortem heat production high 
the basal metabolic rate would hardly detected the method used. 

Average body temperatures mice killed percussion were similar 
average temperatures other mice killed injections potassium cyanide 
(Table This finding suggests that post-mortem heat production was 
small. 

TABLE 


COMPARISON AVERAGE TEMPERATURES MICE KILLED 
DIFFERENT METHODS 


Observed body temperatures, °C. 


Killed percussion Killed KCN 
37.0 36.0 
35.0 
36.2 36.0 
35.3 35.7 
35.4 36.9 
36.1 
36.8 36.8 
36.5 
36.0 36.7 
37.0 35.9 
Average 36.0 36.4 


The possible existence appreciable post-mortem heat production has 
also been examined comparing cooling constants air freshly killed mice, 
cooling constants the same mice after reheating oven about two hours 
later, cooling constants mice after reheating oven about one week 
after death, and the cooling constant artificial mouse. 

Colonic cooling constants for freshly killed mice and for the same mice 
reheated about 35° oven are shown Table III. The average 
the cooling constants the freshly killed mice was 0.00208 greater than 
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that the reheated mice. Since the difference between the cooling constants 
was roughly twice its estimated standard error, there suggestion but not 
decisive indication real discrepancy. This discrepancy appears related 


TABLE III 


COOLING CONSTANTS FRESHLY KILLED MICE AND MICE REHEATED 
BODY TEMPERATURE OVEN 


Cooling constants* 


Body weight 
Reheated 
27.4 0.0573 0.0481 
28.2 0.0377 
27.6 
0.0535 
0.0414 
0.0410 0.0435 
30.8 0.0418 0.0422 
25.8 
23.8 
26.5 0.0391 0.0378 
22.3 0.0410 
0.0405 0.0360 
26.0 
0.0373 
22.0 0.0412 
Average 0.04179 
Difference S.E.D. 0.00105 


°C. per min. per °C. gradient from colon air. 


differences the thermal gradients during cooling freshly killed¥and 
reheated mice. However, appears certain from these data that post- 
mortem heat production not causing cooling constants the 
mice lower than those the reheated mice. 


has also been observed that when mouse killed percussion, body 
temperatures commence falling immediately. Furthermore, both freshly 
killed and reheated mice, body temperatures reach equilibrium with the 
air 1.5 hours. These results suggest that appreciable post-mortem 
heat production absent. 


Further tests six mice refrigerated for one week after 
reheated showed that cooling constants ranged between 0.0382 and 0.0472, 
averaging 0.0430° per min. per °C.; these are similar those obtained 
freshly killed and reheated mice. Finally, dummy mouse, made glass 
and surrounded with the skin and fur mouse, was filled with about ml. 
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water. This object was heated oven and its cooling constant, deter- 
mined centrally placed thermocouple, was 0.0364° per min. per °C.; 
this result was within the range obtained real mice (Table III). 


concluded from these results that although post-mortem heat production 
certainly exists (since the tissues are not immediately killed), its magnitude 
not detectable with the methods used. therefore too small interfere 
with the reliability comparative tests average body temperature. 


and Limitations the Methods 

The method was developed primarily give information heat debts 
incurred when small mammals are killed low temperatures. The normal 
temperature values having been established, lethal average temperature 
would then obtained placing the hypothermal animal calorimeter. 
Colonic temperatures have generally been used index body tem- 
perature hypothermal mammals (1, 14). therefore important 
obtain comparative data for colonic and average temperatures during chilling 
ascertain the degree correlation between them. 


During chilling white mice previously kept was observed 
that colonic temperatures* were higher than average temperatures when 
absolute values the latter were 19° and above. mice that 
were chilled the point which all reflexes had disappeared and breathing 
was very slow, reversal these temperatures occurred and the average 
temperature was frequently above the colonic temperature. Results (Table 
IV) lethal colonic and average temperatures eight white mice and deer 
mice, Peromyscus maniculatus, show distinct tendency for average tem- 
peratures higher than colonic temperatures the moment the mice 
were placed calorimeter. 

TABLE 


LETHAL BODY TEMPERATURE MICE, 


White mice Deer mice 
Colonic Average Colonic Average 

8.2 10.8 10.9 10.5 
12.2 14.4 
8.9 10.1 10.0 12.6 
12.0 13.2 14.7 
14.5 14.1 13.9 11.9 
14.3 10.9 
8.0 11.5 0.6 8.7 
5.0 9.3 6.0 
9.2 9.7 

6.0 7.8 

8.0 9.1 

Average 10.0 12.2 9.2 10.5 
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possible explanation these temperature observations may that 
there marked gradient temperature from the more anterior regions 
the body near the liver the more posterior colonic region. the hypo- 
thermal animal gradually loses control over thermoregulation, the area 
relatively high temperature withdraws more and more the anterior central 
region. Conclusive evidence substantiating this hypothesis for mice has not 
been obtained but data obtained mice killed percussion indicate that 
intrathoracic temperatures are higher than colonic temperatures. 


addition its application research hypothermia, the method has 
been used for studying the effects environmental temperatures from 
40° body temperatures, and the effect rest and activity body 
temperatures different environmental temperatures. Preliminary data (9) 
for resting mice held about two hours various temperatures showed that 
both average and colonic temperatures were reduced the air tem- 
perature was lowered from 30° Further data, given Table show 


TABLE 


EFFECT OF EXERCISE AND ENVIRONMENTAL TEMPERATURE ON THE DIFFERENCE BETWEEN 
COLONIC AND AVERAGE TEMPERATURES, "<. 


Difference, colonic minus average temp. 


Air temp. rest Running 
No. mice mice 
Average Range Average Range 


Negative value signifies colonic temperature below average temperature. 


that the difference between colonic and average body temperatures varied 
tendency, particularly resting mice, for the difference increase with 
lowering air temperature. The effect air temperature the difference 
between colonic and average temperature was not, however, great that 
estimated Herrington (12) for guinea pigs and anticipated for mice. 


The studies active mice were carried out revolving cage. Colonic 
temperatures were recorded during running speed about cm. per 
sec., and average body temperature was taken animals killed percussion 
after about min. running, when the colonic temperature had stopped 
changing. The differences between colonic and average temperatures 
these mice were more variable than for resting mice, and two animals running 
30° C., average temperatures were higher than colonic temperatures 
(Table V). 


7 
| 
q 
q 
7 
4 
| 
q 
| 
7 
q 
| 


232 CANADIAN JOURNAL ZOOLOGY. VOL. 


comparison average body temperatures for resting and running mice 
10°, 20°, and 30°C. shown Fig. These data show that environ- 
mental temperature has marked effect body temperature and that the 


38 


AIR 


AVERAGE BODY 


Fic. Effect air temperature 
average body temperature during rest 
and activity. 


effect most pronounced active animals. The elevation average body 
temperature produced running was largest 30° C., but also definitely 
occurred 20° C., while 10° the conditions were reversed with average 
temperatures somewhat lower few tests carried out 
demonstrated that the animals became hypothermic and some were unable 
run for more than min. Giaja (5) has also reported that rats 
became hypothermic after running cold temperatures. The increase 
body temperature produced activity thus markedly affected environ- 
mental temperature, unlike the increase metabolism produced activity, 
which largely independent environmental temperature (8). 

The results given above demonstrate some the applications the method 
average body temperature determination physiological problems. 
Although the method useful does have some obvious limitations. The 
most serious limitation that the animal must sacrificed and series 
observations cannot made the same animal. Progressive changes 
temperature can only obtained sacrificing moderate numbers animals 
various stages. Another limitation that the method hardly applicable 
animals larger than rats and mice. the other hand, for several labora- 
tory and wild mammals (white mice, deer mice, and voles) the method was 
useful, and the writer’s opinion that for certain wild species body tem- 
peratures determined are less modified from excitation than are temperature 
determinations thermocouples living animals. 
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LETHAL MUTATIONS DROSOPHILA! 


Abstract 


X-chromosomes wild-type Drosophila melanogaster were tested 
for the presence recessive lethal mutations. Treated larvae were reared 
food medium containing initially 6.5, 32.5, 65.0, 162.5 mrd. per ml. 
838 tested chromosomes had recessive lethals. The frequency mutation 
was roughly proportional content the food. initial concentration 
18.8 mrd. larval food expected produce about the same frequency 
recessive lethal mutations obtained with 1000 rays applied mature 
sperm. fly reared medium having initial concentration 32.5 mrd. 
per ml. receives, prior mating, calculated total radiation dose 0.62 gram 
this dosage 4.2% recessive lethals were recorded. For equivalent 
amounts ionization here apparently 2.3 times effective rays. 


Introduction 


rays various energies from 12.4 kiloelectron volts (kev.) 2.2 million 
electron volts (Mev.) have been reported all about equally effective 
inducing mutations Reports are now also beginning appear muta- 
genic effects ingested absorbed radio elements (1, 4). Some the 
results obtained indicate that for corresponding amounts ionization 
tissues, has greater mutagenic effect than rays. Such result not 
unexpected since emission beta particle accompanied recoil the 
nucleus and conversion all which may take place within chromo- 
some (possibly gene) molecules. Investigation the effectiveness ingested 
inducing recessive sex-linked lethal mutations Drosophila has been 
continued and the results are presented this paper. 


Materials and Methods 


Stocks Drosophila used were the Canton-Special wild kindly supplied 
the Department Genetics, Carnegie Institution, Cold Spring Harbor, 
and the Muller-5, apricot-bar, supplied Dr. Stern, Department 
Zoology, University California, Berkeley. 


Eggs Canton-S stock were collected three-hour intervals for transfer 
standard cornmeal molasses agar medium (3) containing the form 
phosphoric acid. Males emerging these cultures were mated individually 
virgin Muller-5 females. Each the daughters from these matings carried 
These red-bar daughters, turn, were mated 
Muller-5 males. Each these matings tested one treated X-chromosome. 
red, non-bar sons resulted, sex-linked recessive lethal was suspected. 
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Red-bar females all suspected cultures were mated Muller-5 males 
for confirmation the lethal. Cultures flies which none were red 
non-bar males were considered adequate for proof the presence lethal. 

Activity measurements are recorded millirutherfords (mrd.), microruther- 
fords (urd.), microcuries One mrd. equals 1000 disintegrations 
per second; equals one disintegration per second, and equals 
3.7 disintegrations per second. 

Concentrations used were 6.5, 32.5, 65.0 and 162.5 mrd. per vial, 
each vial containing ml. food medium. Forty eggs, collected over three- 
hour period were transferred each vial. Vials with developing larvae were 
kept cabinet which was regulated maintain temperature 22° 


Results 


The results are recorded Table the table, calculations are included 
for results expected mutation frequency function the concen- 
tration P32 (a) the food medium individuals (pupae). Since 
numbers are rather small the standard deviations, are large. Standard 
deviations per cent mutations are calculated 


mutation 


mutations 


TABLE 


RECESSIVE SEX-LINKED LETHAL MUTATIONS Drosophila TREATMENT WITH 


Radio- No. Observed Per cent 
mrd. food day 
6.5 156 1.92 +1.7 1.6 1.0 
32.5 172 355 24.4 
65.0 356 299 6.68 1.5 29.9 42.6 
Treated totals 838 
Untreated 252 0.39 


Average mutation rate calculated per 6.5 mrd. initial, food 1.0%. 
Average mutation rate calculated per per pupa 0.040%. 


From the observed results estimated that 18.8 mrd. per ml. food 
initially should yield 2.89% recessive sex-linked lethal mutations, i.e. the 
proportion produced 1000 rays low and intermediate energies 
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when applied mature sperm. With less confidence one may expect similar 
result from pupae which contain, individually, the 10th day, urd. 


Spontaneous mutations occur such low rate the Canton-S stock that 
serious error introduced attributing all mutations the treated series 
the effects decay. Miss Hulda Regehr tested additional 396 
untreated chromosomes our laboratories without obtaining any 
these results are added those recorded the table, the observed spon- 
taneous mutation rate 0.15%. 


Integral Dose Received Time Breeding 


The radiation received the time breeding may conveniently 
considered two parts; that received while the larva still the medium plus 
that received the pupa and fly after leaving the medium. The larva 
grows logarithmically (2) medium decreasing concentration (due 
radioactive decay) and thus the integral dose received during this stage 


will proportional where the volume the larva and the 


number radioactive atoms decaying per unit volume. Since both 
and vary, this integration can done graphically. take the 
density may replaced the mass the larva. Since the larva 
small compared the container and also the range the particles from 
the ionization produced the larva will essentially that produced 
equal volume the medium; (according Reference (1), page 189, less than 
1.0% the activity concentrated given larva). 


When the larva preparing pupate, crawls out the medium, and 
after few days, the adult fly emerges. Both pupa and fly contain certain 
amount which decays, and the ionization due this can calculated. 
correction factor 0.38 introduced allow for loss particles (2). 


The following illustrates the method calculations. Using medium 
with initial concentration 32.5 mrd. per ml. (0.88 per ml.) gave 
pupae with average activity disintegrations per minute. After 
seven days the pupal stage, flies emerged and were mated one day later. 
The larvae were six days the medium. After 1.5 days, the average larval 
weight was 0.038 mgm. and after six days, the average larval weight was 
Assuming logarithmic growth the larva (2) and half life 14.3 
days for the the following table may obtained. 


Time, days Weight, mgm. per gm. 


An 
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The weight mgm. versus activity per mgm. given Fig. 
The area under the curve MdN 5.43 decaying. 


decaying 800 gram roentgens* (gm-r.) (2). 
Thus, the gm-r. received 5.43 800 
0.04 gm-r. (while the larva the medium). 


LARVAL WEIGHT, MGM. 


0.75 


Fic. Relation between larval weight and 
activity. 


After larval stages have been completed about eight days elapse before young 
adults are ready mate. the pupa there activity disintegrations 
per minute days, i.e. the start pupation. eight days 
32% the activity decays, i.e. 0.32 and radiation received 
0.58. The total radiation received prior mating 0.58 0.04 0.62 

Sex-linked recessive lethal mutations occurred the rate 4.2% flies 
treated with initial concentration 32.5 mrd. per ml. According 


gram roentgen the energy absorbed when dose one roentgen given one gram. 
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Lea (5, 153) 1000 roentgens (r.) rays induce mutations this sort 
2.89% the treated chromosomes. ray dose 4.2 


1450 would expected produce mutations 4.2% the chromosomes. 


1.45 gm.-r. Thus radiations are here apparently 1.45/0.62 
2.3 times effective rays producing lethal mutations Drosophila. 


Discussion 


Bateman and Sinclair (2) found lethal and four visible mutations 
259 X-chromosomes, the lethal mutation rate being 7.3%. The 
pupae contained 0.018 (0.65 mrd.) the average, the ninth day. 
This slightly higher dose than the highest one used us. The mutation 
rate observed somewhat lower than would expected the basis our 
results. ingested adult male flies was found King (4) highly 
effective inducing mutations sperms. 


Since may produce mutations atom nucleus recoil and decay 
that comparable ionization tissues produced rays and may not 
give identical mutational results. Also with low intensity radiation, 
long continued, must compared with high intensity rays applied for 
short time, usually mature sperms. Irradiation immature sperm results 
lower observed mutation frequency than when mature sperms are treated 
(5). 

rays widely differing energies (12.4 Mev.) give, for similar 
dosages roentgens, similar lethal mutation frequencies, but estimated 
(5) that for similar amounts ionization produced, neutrons give fewer lethal 
mutations than rays. There are indications (6, that high energy 
rays produced the betatron Mev.) also are somewhat less efficient 
for the production lethal mutations than low-energy radiation. These 
differences effects different radiations may provide useful clues the 
nature the mutation process. Since some lethal mutations are associated 
with large visible chromosome rearrangements, some with minute deletions 
and some with observable change chromosomes, desirable that the 
relative frequencies the different mutation types determined, some 
future work, with the different radiation methods. With treatment, 
would interest determine whether the different types lethal muta- 
tions occur with frequencies similar those found after X-ray treatment. 
ant cause lethal mutations, then lethals associated with visible chromosomal 
changes might form smaller proportion the total than observed when 
rays are used. 
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OBSERVATIONS THE BIONOMICS SOME NORTHERN 
SPECIES TABANIDAE (DIPTERA)! 


MILLER? 


Abstract 


Ten species Tabanus, five Chrysops, and one Atylotus are recorded from 
the Churchill, Manitoba, area. these, Tabanus itasca Philip, Tabanus sp. 
(new?), and Atylotus ohioensis (Hine) represent new records. established 
that Tabanidae this region overwinter the larval stage and that most 
species have least three-year life cycle. Problems taxonomy are discussed. 
Methods rearing the immature stages, collecting adults emerging the 
field, estimating larval and adult populations, and correlating adult activity 
and weather conditions are described, and the results are presented. Larvae 
the tipulid Prionocera dimidiata (Lw.) are reported predators larvae 
Chrysops spp. The emergence the chalcid parasite Diglochis occidentalis 
(Ashm.) from pupae Tabanus and Chrysops spp. reared from the larval stage 
recorded. 


Introduction 


The Culicidae (mosquitoes), the Simuliidae (black flies), and species the 
family Tabanidae (horseflies and deer flies) form voracious group blood- 
sucking flies northern latitudes. Though lesser importance than either 
the mosquitoes the black flies, the tabanids, virtue their biting and 
their annoying persistence, are sufficient importance warrant serious 
attention. 


The studies reported this paper were carried out Churchill, Man., 
during the spring and summer 1948 and 1949. The project was part 
program biological and control studies biting flies carried out the 
Division Entomology behalf the Canadian Defence Research Board 
and with the co-operation that organization and other agencies. The results 
preliminary investigation the Churchill Tabanidae carried out 1947 
have been published Twinn (21). 


Taxonomy the Species Concerned 


The characters that Marchand (11) considered should taxonomic 
significance the larvae and pupae were studied but specific differences 
were found. found possible distinguish between the male and female 
pupae both Chrysops and Tabanus spp. The large, ribbed anal tubercle, 
which present the male, very much reduced the female. The fringe 
spines ventral the anal tubercle, continuous the male, divided 
the female. 
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Cameron (3) has illustrated pupal asters number Chrysops and 
Tabanus spp. examination pupal skins obtained from insectary- 
reared material reveals that the sizes and shapes pupal asters are not 
taxonomic value because variation within species and similarities between 
species. 


Pupal asters septentrionalis, showing differences 

between male and female. Dorsomedian ray. Dorso- 

lateral ray. Anal tubercle. Anal 
ringe. 


The identification Tabanus spp. (Tabaninae) and Chrysops spp. (Pan- 
goniinae) has been made with the keys and descriptions Stone (19) and 
Brennan (2) respectively. 

The separation the females Kby. and gracilipalpis Hine 
difficult. Stone pointed out the similarity between the female 
lipalpis and that cristatus Curran and also the similarity between those 
gracilipalpis and (7) noted the similarity between 
the last two but pointed out that females gracilipalpis the palpi were 
more slender, the front was narrower, the frontal callosity different, the 
average size somewhat smaller, and the general form less elongate. 

effort obtain linear measurement ratio that might used 
separating the females these two species, measurements were made the 
length the hind tibia, width the head, length the third antennal seg- 
ment, and length the discal cell. Various ratios were computed from the 
measurements, but none was significantly different between species. During 
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the season, however, specimens that were considered gracilipalpis 
because their small size were dissected and egg counts were recorded. The 
mean egg count differed from that typical specimens affinis about 
40% (Table 

TABLE 


NUMBERS EGGS THE OVARIES DISSECTED TABANIDS, 
CHURCHILL, MAN., 1949 


Total number 


Species eggs Average 
affinis 793, 816, 818, 840 817 
gracilipalpis 445, 492, 498, 564* 500 
septentrionalis 326, 372, 472 390 
metabola 332, 338 335 
furcata 257, 364, 222 281 


Specimens that appeared too small females affinis were used 
making these counts. 


All Tabanus spp. have beautifully colored eyes life, but the coloration 
quickly fades after death and seen occasionally dull, purplish, horizontal 
bars pinned specimens. This coloration may taxonomic importance 
differentiating between the two species. 

Separating the males Tabanus spp. proved difficult. This not surpris- 
ing because male tabanids are seldom seen and still more rarely captured. 
Reference material isscanty. The male septentrionalis Lw. was unknown 
Stone (19) and was not sufficiently well described permit distinction 
between and related species. Mr. Shewell, Systematic Entomology, 
Division Entomology, Ottawa, has provisionally identified the following 
males from the Churchill collection: septentrionalis, itasca Philip, 
Tabanus sp., and Tabanus sp. (new?). memorandum dated 
Dec. 14, 1949, Mr. Shewell states, ‘‘There doubt that the present the 
males this group constitute very difficult taxonomic 


The Species Churchill, Manitoba 


From field collections made 1947 (21), Hocking (8) 1948, and from 
collections and rearings carried out the author 1949, the following species, 
listed order occurrence, were recorded: 


metabolus McD. itasca Phil. 

zonalis Kby. Tabanus sp. (new?) 

affinis Kby. Chrysops carbonaria 

septentrionalis Lw. nigripes Zett. 

Phil. frigida O.S. 

sexfasciatus Hine mitis O.S. 


Tabanus sp. close ohioensis (Hine) 
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hearlei, sexfasciatus, Tabanus sp. close henei, and mitis were not 
taken 1949. With the exception mitis, these species were represented 
only one two specimens. mitis, which has not been taken the 
immediate Churchill area, was stated Hocking (8) abundant late 
the season 1948 the forest miles south Churchill. 1949, 
however, three new records were established, i.e., Tabanus sp. (new?), 
and Atylotus 

The females affinis, metabolus, zonalis, and furcata were not 
reared from larvae the insectary 1949, although together these four 
species outnumber all other tabanid species Churchill. 


The Adults 


Studies the adults were considerably hampered 1949 inclement 
weather throughout July and August. Unlike mosquitoes and black flies, 
tabanids remain inactive during periods sustained cloudiness and cold 
weather. The succession and relative abundance the species observed 
are shown Fig. 


Seasonal Notes the Species 
metabolus McD. 

Characteristically, this species was the earliest tabanid adult appear. 
1947 and 1949 was collected July and 1948 June 29. Two 
specimens were taken July 1949, one covered with pollen from species 
either Salix Dryas (Rosaceae). was recorded the dominant species 
only one day, July 17, 1949, when was captured large numbers around 
dark-green shed. Thereafter the numbers declined gradually, the species 
being recorded intermittently until Aug. 

The flight metabolus relatively soundless, and this species may alight 
observer without the loud warning hum characteristic 
zonalis, and, lesser degree, septentrionalis. record its 
attacking man was obtained 1949, and attempts induce the females 
take blood meal from man were unsuccessful. 


zonalis Kby. 

This was the only species that appeared greater numbers 1949 than 
previous years. zonalis somewhat larger than affinis and the largest 
species recorded the Churchill area. The characteristic banding the 
posterior margins the abdominal segments ranges from creamy-white 
bright golden-yellow and enables distinguished readily the field. 

1947, zonalis was captured July 10, but was not taken thereafter; 
1948, appeared July and throughout the season small number 
specimens were observed; 1949, the species was captured July and 
rapidly became dominant. July 17, had become very scarce, 
and the last was observed July 20. Like metabolus, zonalis not 
serious pest man the Churchill area. 


| 
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Generally, species Tabanidae are not bothersome during early spring but 
become increasingly annoying man the season progresses. zonalis 
exception. The flight erratic and even noisier than that affinis. 


septen— 
trionalis 


Fic. Succession and relative abundance tabanid species 
Churchill 1949, 


Seldom does zonalis alight for more than second two. Many captures 
were effected standing front tar-papered frame and waving net 
back and forth. the flies circled the frame great speeds was sometimes 
possible predict their next route and have the large insect net placed 
that they flew into it. several occasions two females were observed flying 
one close behind the other and were captured simultaneously. Similar 
behavior exhibited with larger numbers involved. one 
occasion five females flew into net this manner. 


SPECIES 
TABANUS 
metabola 
Zonalis 
frigida 
nigripes 
a 
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affinis Kby. 

The affinis-gracilipalpis complex considered under the general heading 
affinis because the writer was unable distinguish between the females 


1947 this species first appeared July 1948 June 29; and 
1949, July 14. 1949, increased rapidly numbers until July 20, 
which date was the most abundant species, and continued until 
Aug. when septentrionalis became dominant. affinis attacks man 
persistently the Churchill area, the bite often being painful and irritating. 
some individuals causes marked swelling (Fig. 3). 


septentrionalis Lw. 

This species was late appearing 1949, the first specimens being taken 
July 1947 was first recorded July 17; and 1948, July 
1949 was numerous July and was the dominant species Aug. 
remaining until observations were terminated, Aug. 20. 


Although its weight only about one-third that (four specimens 
affinis averaged 0.145 gm. and two specimens septentrionalis 
averaged 0.058 gm.), septentrionalis troublesome the former and 
its bite can just painful and irritating. Because its relatively silent 
approach, this species may land unnoticed one’s exposed limb neck. 
Tales that husky dogs have been killed tabanids may not without 
foundation. During the height tabanid activity 1949, the writer saw 
affinis and septentrionalis females attacking huskies that were tethered 
trees. many six flies were biting dog the same time despite 
its frantic pawing and grovelling, and within short time the areas above and 
between the eyes and around the ears were sodden with blood. Only after the 
dogs’ master had alleviated their sufferings with copious application pine 
tar and lard could they settle down, although they were still harassed the 
persistent, noisy flight afinis. The more troublesome biter the two 
species was septentrionalis. 


Portchinsky (15) has reported for Tabanus montanus Meig., maculicornis 
Zett., and Chrysops spp. the habit skimming over and dipping the proboscis 
water. About five times many males females were observed this 
activity. Churchill, 1948, females septentrionalis were observed 
flying about three four inches above water, occasionally stopping and drop- 
ping momentarily sometimes for interval several seconds the 
surface the water. The males this species are probably overlooked 
because their flight habits are similar those syrphids and they may 
easily mistaken for the latter; they have curious habit hovering few 
inches approximately ft. above the ground and making sudden darting 
movements forward rapidly that one can scarcely follow their flight. The 
male about the same size the female. Only the lower half the eye 


barred horizontally. 
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furcata 

Two specimens furcata were taken July 20, 1949. This species was 
captured the same date 1947 and July 1948. Although never 
very numerous, furcata was far the most abundant species represented 
the genus. remained dominant until Aug. and was the only Chrysops 
species taken late Aug. 20. 


frigida O.S. 

This widely distributed species has long been accepted unusually variable 
size and color the 1947, 1948, and 1949 seasons, was first taken 
July 13, and respectively, and 1949 was last observed Aug. 


nigripes Zett. 

1947 and 1948 this species was first taken July 13, and 1949, 
July 1949 its numbers were about equal those frigida until 
Aug. last specimens were taken Aug. 15. 


carbonaria 


1947 this species was first taken July and persisted until least 
Aug. 12, when observations ceased. was the most abundant species 
Chrysops until toward the end July. 1948 was taken July and 
recorded intermittently during the season. However, 1949 only one speci- 
men was captured, July 29. 

Chrysops spp. were comparatively scarce during the 1949 season. 


Other Species 


itasca Philip, Tabanus sp. (new?), and Atylotus ohioensis (Hine) were 
obtained only from material reared the insectary, and observations were 
made the adults the field. 


Cage Collections Adults 


obtain information adult populations and collect males, frames, 
each ft. long, ft. wide, and ft. high, were constructed in. in. 
lumber. frame was covered with cheesecloth the sides, ends, and 
top. The bottom six inches each corner peg was sharpened facilitate 
anchoring the cage the ground. one corner each cage small opening, 
about in. in., was made and covered with lid. collect the flies, 
the lid was replaced with small cage made transparent plastic and fitted 
the opening. The cage was set into furrows slightly more than in. wide 
and in. deep prevent emerging adults from escaping through the bottom, 
and the possibility escape was further minimized banking the sides and 
ends with moss. 

The ‘attraction’ light was used capture the adults. one-piece canopy 
black, waterproof canvas draped over the entire cage darkened the interior 
completely. hole was cut one corner the canopy, corresponding 


PLATE 


Fic. Abnormal swelling resulting from the bite Fic. Cage with black 
canvas canopy and small light-admitting cage trap emerging tabanid flies. 
AND Views tabanid breeding areas and emergence cages. 


PLATE 


Fic. Area tabanid larvae were found the bottom the pool among dead 

leaves, twigs, moss, and decaying organic matter. Area typical habitat 

larvae Tabanus and Chrysops Partitioned cage which tabanid larvae 

overwintered. 10. The cage with top secured; for overwintering, was covered 
with about one foot moss. 


° 
A 
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dimensions those the bottom the small cage. When the large cage 
was darkened and the transparent, small cage placed position, all flies that 
had emerged collected the small cage min. Capture was com- 
pleted sliding piece plastic into grooves along the bottom the small 
cage. The movement the flies into the small cage was hastened gently 
tapping the sides, ends, and top the large cage with insect net (Fig. 4). 

Five sites for these cages, representing various known larval habitats, were 
selected and the cages distributed among them (Figs. and 6). The cages 
were examined daily. Except mosses, plants growing the vicinity the 
cages were identified. Typical the list supplied Hyde, 
Defence Research Northern Laboratory, from Area where two cages were 
set up. 

Salicaceae: net-veined willow, Salix reticulata 
Lentibulariaceae: butterwort, Pinguicula vulgaris 


Scrophulariaceae: alpine bartsia, Bartsia alpina L.; 
Lapland lousewort, Pedicularis lapponica 


Ericaceae: bog bilberry, Vaccinium uliginosum L.; 
Labrador tea, Ledum spp. 


Cyperaceae: sedges, several genera 
Juncaginaceae: arrow-grass, Triglochin palustris 
Rosaceae: arctic avens, Dryas integrifolia Vahl. 
Orchidaceae: hooded lady’s-tresses, Spiranthes Romanzoffiana 


Cham. 
Equisetaceae: variegated horsetail, Equisetum variegatum Schleich. 


Twenty tabanid adults representing six species emerged the cages. 
These were identified septentrionalis, affinis, Tabanus sp., nigripes, 
frigida, and furcata. each cage covered area sq. yd., this 
represents emergence 4840 tabanids per acre, approximately three 
millions per square mile larval habitat. two the cages adults 
emerged. The number that emerged may actually have been larger because 
some adults may have escaped through holes the bottom the cage caused 
the moss drying, through tunnels made burrowing lemmings, and through 
holes the cheesecloth caused snagging and rotting. Others may have 
been devoured predatory spiders inside the cage and the collared 
lemming, Dicrostonyx groenlandicus (Merriam). Spiders were 
observed attacking and devouring large anthomyids and captive lemming 


Food Adults 


Nectar from Flowers 


The Tabanidae, group, are very active and restless; and, investi- 
gator fortunate enough observe specimen plant, extremely 
difficult ascertain whether the insect feeding merely resting it. 
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Specimens and septentrionalis captured early the season 
were covered with pollen and could have been mistaken for different species, 
their bodies appeared yellow-white color. The were 
identified Miss Kennedy, University Alberta, those Salix sp. 
and Ledum sp. from affinis and septentrionalis, respectively. 


The majority tabanids northern areas may feed only nectar. Many 
engorged specimens affinis and septentrionalis were captured, and 
their guts were found filled with clear, viscous fluid. This fluid was 
sticky and sweet the taste, suggesting nectar. positive test for reducing 
sugars was obtained with Benedict’s solution. recently fed female was 
dissected, the nectar was found confined small, clear globule the 
delicate peritrophic membrane. Many these globules were taken from 
the abdomens engorged females and placed pieces paper. Other 
females were immediately attracted them, pierced the membrane with 
their mouth parts, and sucked the contents. 


Blood Meals 

Cameron (3) estimated that septentrionalis Lw. became engorged with 
0.2 cc. blood min. and that cattle would lose about 100 cc. bitten 
engorgement times per hour. Tashiro and Schwardt (20) calculated 
that single specimen Wiedeman imbibed 0.074 cc. and 
that cow would lose approximately cc. blood eight nine hours 
bitten times per hour. These authors also calculated that sulcifrons 
Macquart could engorge 0.359 cc. and that the loss per head eight 
nine hours would about 115 cc. bites per hour. Philip (13) estimated 
that the loss blood per animal per day could high 300 cc. Webb 
and Wells (23) estimated that animal subjected the constant biting 
specimens sonomensis var. phaenops O.S. for six hours would 
lose 100 cc. blood each fly became engorged min. 


Observations Churchill indicate that some time elapses after emergence 
before the females attempt feed man. 1949, affinis, which was 
first observed July 14, did not bite until July 24, although eight days 
adult activity were recorded between these dates. Similarly septentrionalis, 
which was first observed July 23, did not bite until July 30, five days 
adult activity being recorded between these dates. Possibly the prebiting 
period would have been shorter weather conditions had been more favorable. 
captivity, species took proffered blood meal although they consumed 
droplets water placed the floor the cage and sugar solution soaked 
cotton. 


The effects tabanid bites humans vary with the individual. Some 
members the group were never bitten, whereas others were continually 
attacked. Biting caused noticeable swelling and irritation one person and 
little none another. Usually the insertion the mouth parts caused 
sharp pain, with after-effects until hr. later; intense irritation started 
then and lasted for two three days. most instances droplet blood 


— 
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was left over the punctured area. every case the irritation was much 
greater when the fly was allowed complete its blood meal than when was 
driven away soon the sting was felt. The effects bites 
two individuals were follows. 


bite was received the underside the third finger the right hand, 
between the second and third joints. slight pain was felt the mouth 
parts were inserted; after sec. the pain was much more acute. The mouth 
parts were withdrawn after three minutes and sec., leaving large drop 
blood the point insertion. five minutes receiving the bite the 
finger was noticeably swollen. hour later, the swelling had spread 
and was obvious about the second and third joints the back the finger. 
hour later, the entire hand the wrist had swollen about one and one- 
half times its normal size and became very itchy. The following morning 
the swelling had spread the elbow, and the whole arm had become abnorm- 
ally large (Fig. about the knuckle joints and irritation along the 
entire length the forearm were reported. Medical attention was given the 
same morning, and within two days the arm and hand had returned normal. 
other persons bitten during the season suffered such extent. 
may significant that the affected man was the only one the party with 
Group blood. 

investigator with Group blood was pierced twice the inside the 
forearm one female (occasionally three four insertions are made before 
blood meal completed). Sharp pain was felt soon the mouth parts 
were inserted, but swelling itching resulted. hour after the bite 
small red weal, surrounded bluish area, appeared. This weal persisted 
for three days. 

The process which takes blood meal was observed through 
hand lens. The labella spread such extent that the head the fly 
almost touches the skin. each side the labella the palpi constantly tap; 
and each side the palpi the forelegs are braced, all the tarsal segments 
resting the skin. With each contraction the powerful pharyngeal 
muscles the entire abdomen progressively distends. 


The membrane connecting the abdominal tergites and sternites not visible 
unfed female, but fully engorged specimen clearly visible and 
distended. The fully engorged abdomen heavy that touches surfaces 
over which the fly walks; and the female, thrown into the air, incapable 
flight, awkward and weighty has she both affinis 
and septentrionalis. 


Once the female has inserted her mouth parts and begun blood meal, 
the host may walk around, gently wave his arms, place empty bottle 
over the fly without causing her release her hold. 

Four specimens each engorged approximately 0.1560 of. 
blood, slightly more than their individual weights when unfed (i.e., 0.1450 
gm.), whereas two specimens septentrionalis each engorged approximately 


250 CANADIAN JOURNAL ZOOLOGY. VOL. 


0.0270 gm., less than one-half their individual weights when unfed (i.e., 
0.0580 gm.). the assumption that the amount blood taken from cattle 
would approximately the same from humans, cattle subjected the 
attacks affinis for hr. would lose approximately ml. blood bites 
were received the rate per hour (specific gravity cow’s blood 
approximately 1.055). Similarly, cattle would lose approximately ml. 
blood from the attacks septentrionalis under the same circumstances. 
The last statement does not agree with that made Cameron (3). 


Mating 


According published reports, mating not frequently observed. 
almost always occurs the morning, from shortly before sunrise about 
nine o’clock. When the mating pair are rest, the male hangs inert; and 
when they are the air, the male does the flying Hagmann al. (5) 
reported the mating giganteus DeGeer occurring generally from two 
five feet above ground and occasionally high ft. male struck 
the female, and connection was made flight; then the pair attached them- 
selves leaf, one holding firm, the other hanging motionless below. 


Mating was not observed Churchill 1949, but three instances were 
recorded 1948. The pairs were copula during flight, and casual sweeps 
the net resulted the capture two the pairs, both gracilipalpis. 
The third pair, believed was observed July 11. Mating 
took place the wing over water open woods. The individuals remained 
copula for about five seconds while flying over the water from low 
considerable height. They then parted and flew off separately. 


Correlation Adult Activity with Weather 


Stone (18) states that the adults are lovers sunlight, warmth, and 
moisture, and are possessed ‘‘strong positive (4). They 
are attracted moving objects such automobiles and trains (21) and will 
collect around and standing motor vehicle. Stone also mentions that the 
adults are attracted water, evidenced the large numbers that are 
frequently seen the water’s edge. Males giganteus were reported 
Hagmann al. (5) hovering along the edge country road about sun- 
down and remaining active well into twilight. This habit appeared 
restricted the period just before dark when the temperature was falling, and 
the authors suggest that its purpose this time may have been maintain 
the body temperature the males sufficiently enable them make the 
rapid flights necessary overtake the females. 


Adult activity was found Tashiro and Schwardt (20) practically 
negligible below 72° They observed the greatest activity between 72° 
and the regardless humidity conditions. Above 90° activity 
was somewhat reduced and, during gusts wind, ceased entirely. Adults 
were very active during the passage storm front with overcast sky and 
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high humidity. Uvarov (22) endeavored correlate adult activity many 
groups insects with weather phenomena. discussed length the various 
factors affecting activity, and concluded that most activities are influenced 
combination several meteorological factors and that impossible 
explain them any single one. 


The graphs Figs. and were drawn from data recorded Churchill 
four days: July and Aug. 15, and 20, 1949. obtain comparative 
data the numbers adults the wing throughout the day, the door 


TEMPERATURE TIME DAY 


SATURATION LIGHT INTENSITY 


Fic. 11. Factors influencing activity tabanid adults. 


dark-green shed was left open for min. every hour. The flies swarmed 
around the shed, and many then entered the open door and congregated 
the windows inside. During the min. that the door was open, tem- 
perature, light, and wet and dry-bulb thermometer readings were taken. The 
next min. was spent inside the shed catching the flies with killing bottle 
and recording the species. 


The graphs show that the maximum activity occurred when the temperature 
was F., the saturation deficiency 9-12 mm. mercury, and the light 
intensity lumens per square foot. Graphs (Fig. 12) comparing 
adult activity affinis and septentrionalis show that the former 
most active early morning and late afternoon and the latter late morning 
and early afternoon. The total numbers remained fairly constant from 
a.m. p.m., but the species composition the population varied from 
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hour hour. Similar graphs were obtained when the numbers affinis 
and were plotted against temperature, saturation defi- 
ciency, and light intensity. 


70_ 


NUMBERS 


20_ 


affinis septentrionalis 


Fic. activity two species tabanid adults. 


The Eggs 


The egg laying habits Tabanidae are extremely variable. Roth and 
Lindquist (16) located egg masses discalis Williston sedges, wire 
gauze, glass, cardboard, and other objects placed the water near the shore. 
Unpainted wooden stakes and stakes painted red also proved excellent 
sites. Hatton (6) found egg masses water parsnip leaves, seven 
inches above the water. These hatched when kept moist moss. Webb 
and Wells (23) were not succcessful obtaining egg masses from sonomensis 
var. phaenops O.S. large cage which calf was enclosed. The adults 
previously placed inside, occupied all their time attempting escape. How- 
ever, they obtained eggs using smaller cage consisting pan in. 
in. in. with cheesecloth covering in. high. Mud, water, and 
vegetation were placed the pan; the flies oviposited the vegetation. 
Eggs were also found bulrush stems, coarse grasses, trunks small trees, 
overhanging timbers, and even barbed wire fence. Eggs Chrysops spp. 
were found the large leaves aquatic plant. The leaves lay flat the 
water surface. Stone (18) has found tabanid eggs rocks projecting from 
flowing stream. 
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Churchill, search for eggs Tabanidae was made throughout July and 
August. Although the vegetation surrounding known larval habitats was 
thoroughly examined, eggs were found. However, Shemanchuck (17), 
who continued the tabanid investigations Churchill 1950, found the eggs 
Tabanus species for the first time the Churchill area Aug. They 
occurred large masses the undersides leaves dwarf birch, Betula 
glandulosa Michx., overhanging pools. 

1949 specimens that were given blood meal and caged for 
were later dissected. There was remarkable difference develop- 
ment between eggs these specimens and those others captured the 
field the same day. The eggs the blood-fed females were cigar-shaped 
and all approximately one size, whereas those the females caught 
the field were undeveloped with the exception, one case, one large, com- 
pletely developed egg. counts from dissected females are recorded 
Table 

The Larvae 


COLLECTING THE LARVAE 


Ground cover vegetation collected from suspected larval habitats was 
sorted carefully the laboratory. This material, composed mainly mosses, 
was placed long table with galvanized iron top for sorting. All speci- 
mens tabanid larvae found were retained, and the quantity sorted moss was 
recorded provide data the number larvae present per acre habitat. 


the latitude Churchill the surface soil thaws very slowly. The 
northern species Tabanidae overwinter the larval stage, the majority 
not more than two four inches below the surface vegetation. Below this 
depth everything above the permafrost remains frozen throughout most 
June, but fairly large pieces vegetation were chopped out and allowed 
thaw the laboratory. Living tabanid larvae were found this frozen 
material but very small numbers. Stone (18), endeavor simulate 
natural conditions, attempted rear larvae that had frozen their 
environment. concluded that larvae cannot survive frozen soil, 
least moist. However, this not true tabanid larvae Churchill. 


Experience 1948 showed that much time and effort are required obtain 
large collection larvae for rearing purposes. Random search was con- 
tinued until heavily infested areas were located. Where larvae were found 
the rate per man per day, the population was considered un- 
usually large. During the summer 1949 four such areas were located. 
Most the larvae taken for rearing purposes came from these areas, which 
are described below. 


Area 

This was rather large pool approximately 100 yd. long and yd. wide 
(Fig. 7), with maximum depth three feet. During the early part 
June the bottom the pool was covered with dead leaves, twigs, moss, and 
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decaying organic matter average depth about four inches. Below 
this the ground was frozen. This location was the least productive the 
four areas and was soon abandoned. 


Area 

This area, approximately one acre, consisted tundra meadow sur- 
rounded border spruce and larch trees ft. high, and sparse 
dwarf willow (Fig. 8). The area was flooded during the spring thaw, with only 
the elevated knolls and hummocks above water; but June 1949, when the 
first search was conducted, only small pools remained, although the ground 
everywhere was saturated. moss loose texture was the most productive 
habitat encountered. Each searcher found average one larva five 
minutes good day. Seldom, however, could this average maintained 
for longer than two hours, and only one occasion did one the party find 
more than larvae day’s searching. June the weather had warmed 
considerably, and that day three searchers found 105 larvae five hours 
this area, performance not equalled subsequently during the season. 


Area 


This area comprised approximately one acre low-lying, grassy tundra 
interspersed with clumps willow and single larches and spruces. June 
small pools were still present from the spring thaw and the edges and bot- 
toms were covered with mosses and sedges, the latter height 
in. The layer moss was three five inches depth. Larvae were found 
depths half inch four inches below the surface. The moss covered 
rotting, mucky, bottom which, June 10, was still icy. When the top 
layer moss was peeled off and turned over, larvae were found protruding 
from it. Most larvae were found close the water level moss projecting 
two three inches out the pools. Small areas covered with foul-smelling 
scum were also thoroughly examined: many rat-tailed maggots (Syrphidae) 
were found, but tabanid larvae. Throughout the season, larvae were 
seldom found anything other than fresh, living plant material. 


Area 


This area was the largest one searched and consisted about five acres 
stagnant muskeg and connected pools bordered heavy stand spruce 
and larch. the south bank rose steeply approximately three feet 
above the water level. this bank, where many larvae were found, were 
mosses various textures and decaying roots and leaves, covered with 
inch lichens. Those larvae the water’s edge were small, but general the 
farther they were from the water the larger they were. 


Larval populations Areas and were estimated the following 
method. All the material examined the laboratory was retained large 
pail with capacity 0.16 cu. yd. material was packed much 
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possible, for the bulk was increased considerably when the moss was pulled 
apart. this means was possible estimate the number larvae per 
cubic yard. 


From Area pail moss and other surface vegetation, representing 
area 1.44 yd., in. deep, yielded larvae. number equivalent 
approximately 67,200 larvae per acre suitable habitat. the same 
amount bottom material tipulid larvae were found, 201,600 per acre. 
Almost invariably tipulid larvae were found the same habitat the tabanid 
larvae, particularly larvae Tabanus spp. 


the same method, the larval population tabanids Area was esti- 
mated 200,900 per acre. 


Discussion 

Nearly all the larvae found appeared three-quarters fully grown. 
All larvae found June, with the exception few found frozen vegeta- 
tion, were within two four inches the surface, the thawed vegetation. 
Since would physical impossibility for the larvae work their way 
through the frozen moss, must assumed that these passed the winter 
within the top four inches. Larvae should easier find the spring than 
the summer, they are then concentrated near the surface. Observations 
showed that, the lower layer vegetation thawed and dried, the larvae 
went deeper. Toward the end the summer, larvae were increasingly 
difficult find and many were taken six eight inches below the surface, 
where conditions were more moist than the top four inches. 


The larval population Area during the first week June was estimated 
200,900 per acre. Aug. 19, over two months later, the same area had 
estimated population only 35,500. The main reason for this reduction 
that, Aug. 19, mature larvae had pupated and the flies had emerged, and 
perhaps the 1949 generation larvae had not hatched. Thus the only larvae 
left the ground would those that had hatched from eggs the falls 
1947 and 1948 and would emerge adults 1950 and 1951 respectively (on 
the basis three-year life cycle only). Other contributing factors were 
predation crane-fly larvae Chrysops larvae, and cannibalism. The 
cannibalistic habits the larvae Tabanus spp. accounts for the absence 
large numbers close together nature. During the early part June the 
larvae showed little desire for food, and larvae Tabanus spp., usually vora- 
cious feeders, refused snails, slugs, tipulid, and other dipterous larvae and 
did not eat each other. However, June 10, cannibalism developed among 
the larvae Tabanus spp. being reared the insectary. Because temp- 
orary shortage containers, larvae Tabanus and Chrysops spp. were 
placed single oz. jar; and within two hours had been completely 
devoured their fellows. Thereafter, all larvae were placed individually 
corked shell vials (16 mm. mm.) with small amount moss, and 
further loss was prevented. 
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two occasions the author received bites from larvae Tabanus spp., the 
skin finger being pierced. sharp, stinging sensation was felt and per- 
sisted for min. but blood was drawn and swelling resulted. 


Rearing the Larvae 


Marchand (12) reared larvae Fab. test tube containing 
rolled sheet filter paper somewhat shorter than the tube, and about one-half 
inch one inch water. Jones and Bradley (9) reared the larvae 
moist sand small jars. Philip (13) used damp soil, damp sand, and damp 
paper towelling. Logothetis and Schwardt (10) reared vittata Wied. from 
egg adult keeping the larvae mud tilted pan that moisture 
gradient was obtained. 

the insectary Churchill, the larvae were placed moist moss 
and 8-oz. jars with metal screw tops. Three hundred larvae were reared. 
The date collection, source, size, and color each larva were recorded, and, 
the season progressed, changes appearance, the date pupation, and 
other relevant information. These data are summarized Table II. When 
pupation occurred, the moss was searched for the last larval exuvium, which 
was preserved solution small shell vial. When the 
adult emerged, the pupal skin was transferred the same vial, which was 
labelled associate the skin with the adult. 

When larva died, was preserved and replaced with healthy specimen, 
that 300 larvae were continually under observation. Larval mortality 
rearing was 30% for Chrysops (mainly due predation) and for Tabanus 
spp. 

The mortality was caused the following. 

First, rough handling. Usually the larva was easily seen the jar, but 
occasionally became embedded small clod moss, was difficult find, 
and was liable injured the search. 

Second, predation. Crane-fly larvae proved ideal food for larvae 
Tabanus spp., but, when offered larvae Chrysops spp., preyed the 
latter. Ten larvae Chrysops spp. were segregated rearing jars, and 
tipulid larva was added each jar. minutes the tipulid larvae 
attacked the others; and within hr., seven the latter had been devoured 
and three badly mutilated. 

Adult specimens this tipulid were identified Alexander, Massa- 
chusetts Agricultural College, Prionocera dimidiata Lw. Hitherto the 
larvae the Tipulini, the tribe which this species belongs, had not been 
considered carnivorous. 

Third, fungus growth. Occasionally, larvae and pupae being reared the 
insectary were observed have fungus growth, and these invariably died. 
The fungus was eliminated soaking the moss solution Moldex, 
proprietary fungicide. 
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Larval Food 


Tabanid larvae can live variety food. Marchand (12) larvae 
lineola Fab. earthworms and small pieces meat. Hatton (6) fed 
fly maggots larvae intervals two three days. Other workers have 
used mosquito larvae and small crustaceans larval food. Cameron (3) 
found that species Chrysops could reared successfully simply keeping 
the larvae soil rich decaying organic matter. Logothetis and Schwardt 
(10) observed vittata Wied. feeding crane-fly larvae and blowfly maggots. 


Tabanus spp. 

Throughout June and the early part July, each larva was fed one 
tipulid larva per day. Tipulid and tabanid larvae were found the field 
the ratio approximately three one. Later the season, when tipulid 
larvae were becoming increasingly difficult find, snails, Limnaea and Physa 
spp., proved acceptable. was possible collect 200 300 snails two 
hours sweeping ordinary kitchen strainer through the water sluggish 
streams and stagnant pools. The snails were kept improvised aquarium 
and fed the tabanid larvae required. twisting and turning their 
bodies, the larvae are able get well inside small snail shell and empty it. 
They were also observed feeding annelids and slugs, but these were difficult 
find. Rarely, they were observed feeding raw beef and liver provided 
them, but generally they required living material. The few larvae that fed 
raw meat could distinguished the deep red color the contents 
showing through the integument. 


The amount food given each larva varied considerably. During the latter 
part July, when tipulid larvae became relatively scarce, the ration one 
per day was reduced, and throughout August one snail per larva per week 
proved sufficient. 


Chrysops spp. 

These larvae were given living dead animal material that was not 
already the moss. Generally they required little attention, and few 
deaths occurred when the moss was changed periodically. the end the 
season all appeared healthy condition. 


The gut contents larvae Tabanus and Chrysops spp. were periodically 
examined Dr. Hughes, Division Botany and Plant Pathology, 
Department Agriculture, Ottawa, Canada, effort determine whether 
algae form part the larval diet. Usually all the food was found the hind 
gut and consisted rather hard, compact, brown pellet. When this pellet was 
macerated and viewed under microscope, only numerous, small oil globules 
were discernible. microflora could recognized. Numerous dissections 
both living and preserved material yielded structurally recognizable 
material. 


MILLER: BIONOMICS NORTHERN TABANIDAE 259 


Daily maximum and minimum temperatures were recorded inside the 
insectary and four inches below the surface the moss the 
day averages were computed and the results are shown Fig. 13. The 
average mean daily temperature was 9.5° higher the insectary than four 
inches below the surface the moss. Development larvae Chrysops 
spp. the insectary was apparently not retarded, pupae were first found 
the field June and pupation occurred the insectary the same day. 
the other hand, pupation larvae Tabanus spp. did not occur the 
insectary until June 30, whereas the first pupae were found the field 
June 21. 


The tabanid pupae were retained the same moss which they had been 
reared larvae. Many the adults that emerged were poor condition 
because the moss was too moist. When the newly formed pupae were trans- 
ferred dry, slightly moist, moss, the adults emerged good condition. 


300 larvae reared the insectary, 199 were still the larval stage 
Aug. the last pupation was recorded Aug these larvae were 
caged and buried maintain them through the winter. The cage, which 
measured ft. ft. ft., was constructed in. in. lumber and 
was covered with 28-mesh plastic screening (Figs. and 10). was placed 
hole the tundra and filled with vegetation that had previously been 
sorted for larvae. prevent predation, larvae Tabanus spp. were segre- 
gated from the larvae Chrysops spp. partition. Ninety-two per cent 
these larvae overwintered healthy condition. Many these pupated 
and emerged 1950, according Shemanchuck (17), and about one-half 
continued into another winter, indicating that some species Tabanidae have 
life cycle least three years. 


The Pupae 


The pupae, like the larvae, were found various situations, but the fol- 
lowing general remarks may made. 


Tabanus spp. 


Normally these pupae were found drier habitats than the larvae, although 
one pupa was found lying horizontally water-saturated moss water level 
the middle pool. Prior pupation many move yd. 
from pool drier situations. Only once were more than one pupa found 
single handful moss from one site. 


Some pupae were found completely exposed the surface the vegetation, 
and others had only the thorax protruding. The majority, however, were 
approximately one-quarter inch below the surface. the insectary 
was observed that just prior emergence the pupae Tabanus and Chrysops 
spp. twist and turn their bodies, slowly worming their way upward through 
the vegetation. The upward movement aided materially the backward- 
projecting bristles the posterior borders the abdominal segments. 
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The earliest pupa was found June 21, 1949, vertical position, one- 
quarter inch below the surface the moss. 


Insectary Temperatures 

° ° 


JUNE JULY AUGUST 


Fic. and moss temperatures: five-day averages. 


Chrysops spp. 

Evidently these larvae not move far from pool before pupating 
larvae Tabanus spp., for pupae were invariably found small groups 
per sq. ft. the larval environment, which normally water-soaked 
material the edge pool. However, they were found occasionally dry 
areas. 

During the formation the imagines Tabanus and Chrysops spp., some 
pupae lie vertically with either end uppermost, some horizontal, and others 
inclined. Emergence apparently always takes place, however, from pupae 
nearly vertical position, with the head uppermost, practically all empty 
pupal skins were found this position. 

Newly formed pupae generally exhibit the same colors the last-instar 
larvae; Chrysops spp. these range from light yellow dark brown, and 
Tabanus spp. from leaf-green dark steel-gray. the age the pupa 
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increases, the thoracic region becomes darker, and the darker coloration 
slowly extends the tip the abdomen. The region the wings may become 
almost black. Prior the emergence the adults Chrysops spp. 
sometimes possible see the eye coloration the imago through the pupal 
case. 


Natural Enemies 


Cameron (3) reported the presence Saskatchewan the proctotrupoid 
Phanurus emersoni Girault the egg mass aestuans Wlp. moerens 
Walk.] and mitisO.S. This parasite has also been reported Webb and 
Wells (23) Nevada and Hatton (6) British Columbia. Present among 
the eggs the tabanids, well emersoni, were eggs the chalcid 
Trichogramma minutum Riley [presumably semblidis Auriv.]. Massa- 
chusetts Bailey (1) reared the proctotrupoid Telenomus goniopis Ashm. from 
eggs atratus nantuckensis Hine. 


Louisiana Jones and. Bradley (9) have found the parasitic larvae 
Phasiops flava Coq. (Dexiidae) the larvae trimaculatus Pal. Beauv. 


Cameron (3) reared the parasitic species Diglochis occidentalis (Ashm.) from 
the pupae aestuans, mitis, and excitans Walk.; and Trichopria 
tabanivora Fouts (Proctotrupoidea) from the pupae mitis and rein- 
wardtit Wied. Jones and Bradley (9) reported that the pupa the bombyliid 
Villa lateralis (Say) freed itself from the pupa Leucotabanus annulatus (Say) 
and adult later emerged. 


The wasp Bembix primaaestate Johnson and Bower was reported Webb 
and Wells (23) predatory the adults Atylotus insuetus (O.S.) and 
sonomensis var. phaenops O.S. The dead adults these two species were 
found the tunnels the predator. 


Churchill, dissections parasitized pupae produced numerous chalcidoid 
larvae. These filled the body cavities the pupae capacity. Later the 
season, chalcids emerged the insectary from single Tabanus pupa. 
These were identified Dr. Peck, Systematic Entomology, Division 
Entomology, Ottawa, Diglochis occidentalis (Ashm.). This species had not 
been previously recorded parasite pupae spp. 


Until parasites began emerging from insectary-reared material had been 
assumed that parasitism occurred only the pupa. However, these chalcids 
emerged from pupae that had been collected larvae early June, when the 
season was too cold for adult insect activity. Furthermore, the larvae and 
pupae had been reared sealed jars, where they were inaccessible parasites. 
Apparently the parasites lay their eggs the larvae during the summer and 
the progeny pass the winter the host larvae, either the egg the 
immature larval stage. the parasitism does not affect the growing 
larva. None the few dead larvae found the field had been parasitized. 
When the larva has pupated, the parasites soon devour the contents the 
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reported elsewhere this article, the larvae the tipulid Prionocera 
dimidiata (Lw.) prey readily larvae Chrysops spp. and are considered 
important factor biological control. Reference has also been made 
cannibalism larvae Tabanus spp., lemming that devoured adults 
affinis, and the possibility that spiders destroy numbers adults. 
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